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fF RFJ ATION OF SOIL MOISTURE AND NITRATES TO THE 
• ' EFFECTS OF SOD ON APPLE TREES 

T. L. Lyon, A. J. Heinicke, and B. D, Wilson 

It has frequently been noted that the continuous growth of grass 
ifier apple trees exerts an injurious effect on the growth of the trees, 
'hen subjected to this condition on certain soils, the trees grow more 
and have not the healthy appearance that distinguishes trees 
■own on tilled soil either with or without a cover crop. The injurious 
kuehce of the grass has been attributed to several causes. Hedrick 
joo tind 1914), ^nd also Woodbury, Noyes, and Oskamp (1917), have 
yvii attention to the importance of soil moisture for tree growth and 
[it production, and they present data to show that the moisture 
[iient of the soil under sod is less at certain times of the year than under 
Invation. Bedford and Pickering (1911), after long and careful experi- 
intation on the soil at the Woburn Experimental Fruit Farm, concluded 
it, in that soil at least, the growth of grass produced a toxic substance 
It was a direct poison to the trees, Lyon and Bizzell (19 1 3) have suggested 
tt the lack of sufficient available nitrogen, due to the property that 
.S5 ajtpears to possess of causing an almost complete disappearance of 
rates in the soil, might account for the injury to the trees. It was 
h the purpose of testing the last of these hypotheses that the exper- 
)ni herein described was begun, 

PLAN OF THE EXPERIMENT 

Thirty plats of land, each 43 . 6 feet long and 10 feet wide, or 
in size, were used for the experiment. There was a 2-foot space 
-een adjacent plats, and each plat had a tile drain on one side, 
iity apple trees were planted on each plat, the trees being set 4 feet 
t each way. There was also a row of trees on the spaces between 
5, and these trees were 4 feet from all adjacent trees. These were 
Used in measuring the effect of the treatment given to the soil. The 
s used for the experiment were one-year-old whip -grafted McIntosh 
k varying from 2 to 4 feet in height. They were selected from a 
|ery on the university farm at Ithaca, and as soon as removed from 
pi they were distributed into thirty lots, each of wLlch finally 
i^ed of twenty specimens of approximately the same size and 
• One tree from every lot was planted on each of the thirty plats. 
> there was obtained at the beginning of the experiment, for each 
various treatments, a uniform average vigor with about the 
' coefficient of variability. The planting was done from April 27 to 
,2, 1917. 
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As soon as they were planted, all the trees were cut back to wjfi,' 
4 inches of the ground. Only one sprout was permitted to grow to for*^ 
the trunk, but no other pruning was given during the course of t? 
experiment. Precautions were taken to prevent damage from diseasj 
insects, and rodents, but nevertheless a few trees had to be discarded 
because of injury. 

The plats were planted alternately to timothy and to rye. 
timothy was maintained continuously throughout the experiment on tlie 
plats on which it was planted. It was cut several times in a season ajd 
was allowed to rot as it lay. The rye was planted each year about ti^t 
middle of August, and was turned under as early in the spring as tk' 
condition of the soil would permit. During the spring and early summer 
the soil was stirred with a spring-tooth cultivator and all weeds ^01 
eradicated. 

Each plat was fertilized with acid phosphate at the rate of 
pounds to the acre, and with muriate of potash at the rate of 240 pomdi 
This was done each spring just after spading under the rye. In addlri®; 
each plat was limed previous to the beginning of the experiment, 'nnj 
main feature of the investigation was to ascertain the effect of applid 
tions of various quantities of nitrate of soda on the growth of the tree 
and on the nitrate content of the soil. Equal quantities of nitrate of 
soda were applied to pairs of timothy and cultivated plats in ainouBtsI 
of 100, 300, and 900 pounds to the acre, while some plats received iij 
nitrate. Each treatment was repeated on four plats, with the exceptiool 
of two which were in triplicate owing to the fact that only thirty pka 
were available. The treatments and the plat numbers are shown’** 
table I : 


TABLE 1. Cropping Treatments, and Applications of Nitrate of Sod 


Plat 

Cropping treatment 

Nitrate of soda 
applied 

{pounds per acre) 

Plat 

Cropping treatment 

Nitrattji 

apjifi 

'poundfjK 

1001 

, Timothy sod continuously 

0 ■ 

1101 

Timothy sod continuously 


1002 

j Timothy sod continuouslv 

100 

1102 

Timothy sod continuously 


1003 

Cultivation and rye 

100 

1103 

Cultivation and rye 


1004 

Timothy sod continuously 

300 

1104 

Timothy sod continuously 

J 

lOOS 

Cultivation and rye 

300 

1105 

Cultivation and rye 

rtf 

1006 

Timothy sod continuously 

900 

1106 

Timothy sod continuously 


1007 

Cultivation and rye 

900 

1107 

Cultivation and rye 

1™ 

1008 

Timothy sod continuously 

0 

1108 ' 

Timothy sod continuously 

jlK 

1009 

CuUfvation and rye 1 

0 

1109 * 

Cultivation and rye 

(ffi 

1010 

Timothy sod continuously 

100 

1110 

Timothy sod continuously 


1011 

Cultivation and rye 

100 

1111 

Cultivation and rye 

( 

1012 

Timothy sod continuously 

300 

1112 

Timothy sod continuously 

II 

1013 

Cultivation and rye 

300 

1113 

Cultivation and rye 

[iK 

1014 

Timothy sod continuously 

900 

1114 

Timothy sod continuously 


1015 ! 

Cultivation and rye 

900 

1115 

Cultivation and rye 
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The quantities of nitrates present in the soil of each plat were deter- 
ined in 19^9 before spading under the rye in the spring, and 

intervals thereafter until the plats were planted in summer. Another 
termination was made late in the autumn of each year. These analyses 
rve as a guide to show whether the nitrate added persisted in the soil 
whether it disappeared. 


methods used for measuring the effect of the treatments 

ACCORDED THE SOIL 

The, effect of timothy as compared with a cover crop, and of the 
•veral quantities of nitrate of soda, on the soil and on the tree growth 
as measured, as has been explained, by determining from time to 
me the moisture and nitrate content of the soil of each plat, the cir- 
jmference of the tree trunks, and the green weights of all the trees 
'hen dormant and of most of the roots. A description follows of each 
fthe methods used in making these measurements. 


Determination of moisture and nitrates in soil 

Samples were taken to a de{>th of 8 inches, with a il^-inch auger, 
ne borings were made on each plat, making a rate of one boring to 
ch 48.3 square feet. A composite was made of the nine borings from 
ch plat, and the portions for moisture and nitrate determinations were 
thdrawn after remixing in the laboratory. 

Determinations of moisture were made by drying 100 grams of soil 
constant weight at the temperature of boiling water. Nitrates were 
termined by extracting the soil with five parts of distilled water, 
tcring thru a Pasteur-Chamberland filter, and using the phenol- 
sulfonic acid method for the remainder of the process. In expressing 
bate nitrogen in pounds per acre, the weight of an acre eight inches of 
[1 is assumed to be 2,500,000 pounds. 


Measurement of tree growth 

After each season's growth, the circumference of the trees was 
isured at a marked region about two inches below the origin of the 
^ trunk. In the spring of 1921, before the buds began to swell, the 
s of the trees were cut as dose to the surface as possible and immedi- 
ly weighed. The girth records were also checked at this time by 
asurements of the diameter of the annual rings. The heights of the 
Es and the spread of the branches were recorded in the nearest tenth 
^ foot. 
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The soil with the sod or cover crop was not disturbed until the 
summer of 1921. In the meantime, the few sprouts that came from the 
stubs were removed as soon as they appeared. When , the trees were 
dug care was taken to remove all roots larger than j inch in diameter. 
The roots were heeled in until they were to be weighed, so that thev 
would lose no moisture. The total weight of the trees therefore repre- 
senls the weigh t of the top, determined in the dormant condition in spring, 
plus the weight of the roots, determined several months later. The under- 
ground part of the trunk was cut from the root system at the graft 
union, and its weight was added to that of the top. 


MOISTURE IN THE SOIL 

The moisture content of the soil, as shown frorn time to time Ijy 
the analyses made in 1919 and in 1920, is recorded m tables 2 and 3, 
respectively : 

TABI F 2 Moisturk Content in Surface Eight Inches of Soil in 1910* 

' (Averages for all plats receiving the same treatment) 


1001. 1008, 1104, 1112 
1009, 1105, 1113 
1002, 1010, 1106, 1114 

1003, 1011, 1107, 1115 

1004. 1012, 1101, 1108 

1005, 1013, 1109 

1006, 1014, 1103, 1110 

1007, 1015. 1103, nil 


SofJ 

Cultivation 

Sod 

Cultivation 
Sod 

Cultivation 

Sod 

Cultivation 


Nitrate of soda 
applied 
(pounds 
per acre) 


0 

0 

100 

100 

300 

300 

900 

900 


Moisture 

(per cent in dry soil) 


April 22 

July 8 

August 15 

j Oct&btt ! 

27.8 

17.1 

17.8 

IK 

27 6 

19.9 

16.0 

; 13 ■ 

28.2 

16.8 

18.4 

1 IP.D 
13: 

27.5 

20.4 

16.8 

28.2 

16.8 

18 0 

; 13 6 

28.1 

20.9 

16 7 

28.1 

17.0 

15.0 

1.43 

28.3 

1 20 . 9 

17.0 

14 0 


^Detailed figures for tuis tabW are given in the appendix (page 25). 

TAB! E 3 Moistlre Content in Surface Eight Inches of Soil 
(A verages for all plats receiving th e same treat nie nt ) 


IN m 



Crop 

Nitrate 
of .soda 
applied 
(pounds 
iier acre) 

Moisture 

(per cent in drv soil) 

Ptars 

April 

13 

May 

18 

June 

11 

June ; 
29 1 

1001. 1008, 1104, 1112 
1009, 1105, 1113 

1002. 1010, 1106, 1114 

1003, 1011, 1107, 1115 

1004, 1012, 1101, 1108 
100.5, 1013, 1109 

1006, 1014, 1102. 1110 

1007, 1015, 110.3, 1111 

Sod 

, Cultivation 
Sod 

Cuitivalion 

Sod 

Cultivation 

Sod 

Cultivation 

0 

0 

100 

100 

300 

300 

900 

900 

25.4 

25.4 
25.4 

24 4 

25 8 

24 8 
24.9 
24.6 

24 0 

22.3 

23.3 

21.9 

23.9 
22.6 
23.8 

15.9 

19.0 

15 n 

19 3 

14.2 

19.3 

13.1 

1 19.8 

12.8 
16.7 1 

12.2 j 

17.4 

11 3 

17.4 i 

11.3 
18.0 


16.'} 
14 1 

17.6 

14.6 

18.6 
14.3 
18 3 


.'o: 

N.6 

1«5 


*Dctaileci figures for this tabic are given in the appendix (page 26). 


These figures show that in April there « jittle difference,® 
moisture content of the plats. Even by the middle ot Ma> 
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(j not reduced the moisture below that of the cultivated soil. By 
ae, however, the effect of the grass was distinctly noticeable, and front 
rime until the rye was planted, the grass plats contained less mois- 
re than did the cultivated ones. The analyses of October, on the other 
nd, show that the rye had by that time reduced the moisture lower 
aa had the grass. 

When the percentages of moisture in the plats receiving graduated 
antiiies of nitrate of soda are compared, it is seen that there was a 
tidenry during June, when the grass was making its most rapid growth, 
r the moisture to be lower on the plats that received the larger appli- 
rioiis of the nitrate fertilizer. The moisture was low enough under the 
as compared with the cultivated plats to have a possible effect on 
?o growth, but, as is shown later, the effect of the moisture was slight 
compared with that produced by the nitrates. 


NITRATE NITROGEN IN THE SOIL 

The quantity of nitrate nitrogen present in the surface eight inches 
H^il on the same dates as those on which the moisture determinations 
:re made, is recorded in tables 4 and 5: 


FARI.!-.. 4. Nitr.me jNitrogen in Surface Eighi' Inches of 'Soil in 1919* 
(Averagos for all plats receiving the same treatment") 


i i 

Ciatj ! Crop j 

. . i 

Nitrate of soda f 
applied j 

(pounds ! 

per acre) 

.Nitrate nitrogen 
(pounds per acre) 

April 22 1 

1 July 8 

! Au^fust 15 

I October 11 

5!. (OOS. llfl-I, nil i Sod 

^ ! 

2,6 

1 .3.0 

1 6 2 


5^. llld ( { ijltir-ution 

0 s 

3.9 

1 40.0 

! 37,1 

I ’6 9 

5-MOiO. 11(16, 1114 ; Sod 

100 ! 

3.5 

3 1. 

5 1 


Iii. 1011 1107, Ills 1 Cultivation 1 

100 1 

4.2 

; 40 1 



emou. 1101. noR ! Sod 

300 i 

3,8 




D\ IfilJ, 1100 (xilti ration 

300 : 

4,4 

61,2 

1 86.0 

i 77,6 

w.KJii. iioi, nio ; Sod 

900 ij 

,3.5 

U.4 

1 14.0 

1 to!o 

^ UlA JlU i Cultivation i 

900 fl 

5.7 

113 1 

! 110,4 

! iii!o 


fiRurcsior this table are Riven in the appendix (page 27 ). 

pBLE 5. Nitrate Nitrogen in Surface Eight Inches of Son. in 1920* 
L (Averages for all plats receiving the same treatment) 


’ Sod 


Sod 

Cijitt' 

S-xt 


rop 

Kill ate ' 
of soda 
applied | 
(pounds i 
per acre) : 

Nitrate nitrogen 
(pounds per acre) 

April 

13 

May 

18 

June 

11 

June 

29 

July 

15 

October 

2S 


^ 1 

.3.1 

2.3 

2 0 

> 7 

2 ^ 

0 

ivatioi! 

0 1 

3.7 

5.4 

5.6 

1.3 3 

9.5 

0 


100 

4.5 

3.1 

2.0 

3.4 

2.4 

Trace 

i vat ion 

100 

3 8 

11.6 

14 4 

24.7 

25.3 

0 

. . 

300 : 

6,3 

5,1 

1.6 

.1.8 

6 3 

0 

t vat 1011 

.300 i 

6 3 

28.2 

20.5 i 

1 51.1 

. 58.1 I 

' Trace 


900 i 

4 S 

47.0 

25.4 1 

1 17.0 

11.6 1 

! 

i vat ion J 

900 ' 

4.8 , 

50.8 1 

I 60.8 i 

! 100,9 

146 5 ! 

! 5.8 


U04. in 
uf'i. un 

"■ I lie. ins' - - 
110], 1 10^ 

'Wb UO'J 

lOr this table are given in the appendix (pa.ge 28 ) 
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It appears from tables 4 and 5 that between the dates when then- 
was spaded under and when it was replanted in the summer, the nitrai 
nitrogen was much less in amount under timothy than in the cultivated 
soil. This difference increased as the season progressed. The differ 
ences are enormous, especially in the soil of the plats to which ]ar»e 
quantities of nitrate of soda were applied. They are much greater than 
the differences in the moisture content of the corresponding plats, Witfe 
the exception of the plats receiving the largest application of nitrate ■ 
scarcely any of the nitrate contained in the application of nitrate of sod 
remained in the soil of the timothy plats by the latter part of June. H 
nitrate nitrogen in the soil of the timothy plats steadily decreased i 
amount, while on the cultivated plats it increased. 


DISAPPEARANCE OF NITRATE NITROGEN AFTER APPLICATION' 

It will be noticed that neither the cultivated plats nor the timotli' 
plats which received heavy applications of nitrate of soda show onougi 
nitrate nitrogen to account for that added in the form of the fiitrati 
fertilizer. The late June and the July analyses disclose a larger propor 
tional increase in the cultivated plats than in the timothy plats. Foi 
example, from the soil of the cultivated plats receiving 900 pounds ol 
nitrate of soda, or 120 pounds of nitrate nitrogen, per acre, there was 
recovered in 1920 only about 45 pounds more nitrate nitrogen per acre 
on May 18 than from the plats tLat received no nitrate, 55 pounds more 
on June ii, 87 pounds more on June 29, and 137 pounds more on July 
15. This suggests that the nitrate in the fertilizer had been comerted 
into other forms of nitrogen, probably organic, soon after being applied 
to the soil, and later had been reconverted into nitrate. This hypoti-; 
esis is supported by some data considered later. ' 


RELATIVE IMPORTANCE OF MOISTERE AND NITRATE NITROGEN FOR IW 
GROWTH 

As was indicated at the beginning of this paper, one of the cb 
objects in undertaking the experiment was to ascertain whether the « 
fluence of sod on the soil moisture was the main cause for its inpnot 
effect on tree growth on this soil, or whether its influence on the 
in the soil was the more potent factor. The experiment was not design® 
to throw any light on other possible causes, as, for example, die 
of toxic substances. The experiment seems to furnish a very simpk^® 
obvious answer to the former question, so far, at least, as 
apple trees on this particular soil. It will be noticed that in a 
cases the soil moisture content during the active growing season was 
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on the ^od plats receiving the largest applications of nitrate fertilizer. 
•„ jj; (joubtless owing to the greater growth of timothy on these plats. 
,\vever, as is shown later, the tree growth on the sod plats was greatest 
the largest quantities of nitrate were applied, and consequently 
riiose plats where the soil moisture was often least during the growing 
Since the tree growth was greatest where the soil moisture was 
it is evident that the relatively low moisture under grass was not a 
ji^.’jfTjportant factor in curtailing the growth. On the other hand, the 
't that tree growth on the sod plats was greatest where the greatest 
antities of nitrate of soda were applied, is evidence that nitrate nitrogen 
1^ an important consideration. 

OTHER POSSIBLE EFFECTS OF CULTIVATION ON TREE GROWTH 

While the importance of moisture is thus minimized, it is perhaps 
It safe to attribute to the nitrates sole credit for the benefit that the 
jes obtained from cultivation of the soil. Glancing again at tables 4 
td 5, it will be seen that in the soil of the cultivated plats the nitrate 
trogen was greatest during the growing season where the nitrate 
rtilher applications were the greatest. On the other hand, it is dis- 
psed by tables 8 and 9 that tree grovTh was not greatest in the cub 
taied plats in which nitrate nitrogen was the highest. This may have 
m because all of the cultivated plats, whether thus fertilized or not, 
ntained an adequate supply or even a surplus of nitrate nitrogen. If 
at were the case, the addition of nitrate fertilizer could not be expected 
nroduce differences in tree grow^th. 

While this explanation will probably account for the major part of 
benefit which the trees derived from cultivation, there remains the 
bibility that this treatment brought about some condition, other than 
duciioii of nitrates, that benefited tree growth. As a further indication 
his, it will be observed that the sod plats receiving 900 pounds of 
ate of soda per acre contained a higher amount of nitrate nitrogen 
uout (he spring and summer than did the cultivated plats receiving 
nitrogen, and the former plats were higher in nitrate nitrogen content 
ing May and the first half of J line than w^ere the cultivated plats 
siying 100 and 300 pounds of nitrate of soda, respectively. In spite 
this high content of nitrate nitrogen in the soil of the sod plats to 
ich 900 pounds of nitrate of soda had been applied, the tree growth 
jthese plats was only about two-thirds as great as on the cultivated 
fs that received no nitrogen. 

ervation of nitrate nitrogen by its conversion into other 
forms 

'Attention has been called to the disappearance of nitrates in the 
^ the sod plats. In 1919 an application of 120 pounds of nitrate 
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nitrogen per acre had been reduced to 114 pounds by July 8, and ‘ 
1920 a similar amount had been reduced to ii.6 pounds by j^lv 
These analyses were made immediately following the cutting of the 
which was on July 7 and July 12, respectively. If no nitrates 
formed from the soil supply of nitrogenous substances during the erort 
of the grass, there would have been approximately 108 pounds of 
nitrogen that had disappeared each year. But it will be remembered 
that the plats receiving no nitrate fertilizer produced a crop of timothv 
about half as large as the other. It would therefore be untenable jo 
assume that no nitrates had been formed during the growth of the cron 
but this source of nitrogen is purposely ignored in the calculations 
table 6, showing the disappearance of nitrate nitrogen. ' ‘ 


TABLE 6. Di3(VPpearanxe of Applied Nitrate Nitrogen from Sod Plats i.v jo? 


Plats j 

1 

Nitrate 
of soda 
applied ' 
(pounds per | 
acre) 



Nitrate nitrogen 
(pounds per acre) 

- — — , 

Present 
in soil ' 
April ?.5 

1 

Applied 
to soil 
April 2.5 

Total in 
soil 

April 25 

Present 
in soil 
July 12 

Gain (+) 
or loss (-) 
between j 
April 25 and 
July 12 

Con- 

talnerf Lof?® 
in hay ' diifto 
crops i 

July 12 ;U CTDP!; 

1008, 1104, 1112 

0 

: 0.51 

0 

0.51 

2.77 ^ 

+ 2.26 

18.12 

1010, 1106, 1114 

100 

1.24 

1.5, 3,3 1 

14.57 1 

2.37 1 

-12.20 

20.91 ^ — 1 

1004, 1012, 1108 

300 

0.68 

39.99 

40 67 

3,33 

, -37.34 

34.59 i ::i 

1006, 1014. 1110 

900 

5.42 

119.9? 1 

i 125.39 1 

10,11 1 

i -115.28 

70.14 ! 45 W 


The quantity of nitrogen absorbed by the trees could not be deto 
mined easily, but that contained in the hay croj) could be; conscqueatl; 
it was decided not to try to ascertain what became of the nitrate nitro 
gen until the trees should have been removed. Tn iq2T, the trees beinj 
no longer on the land, the timothy plats were fertilized as usual and tilt 
grass w^as allow^ed to grow. Samples of soil for deLerminalion of nitnta 
were taken immediately before applying the fertilizer on .\pnl 25 aul 
immediately after cutting the hav on July 12. The h'dx was iveigiifd 
samples were taken, and the total nitrogen w^as determined. 

In table b may be found a statement of the amounts of 
nitrogen present in the soil before applying fertilizer in the spriii?^'^ 
after removing the hay, and of the amounts applied to the soil. Frombtf^ 
data are calculated the gains or losses of nitrogen from the soil 
April 25, w'hen the fertilizer was applied, and July 12, which \vas>W 
after the hay crops had been removed. Figures are given also 
the amounts of nitrogen in the hay crops, and the last column d* 
table shows the losses of nitrate nitrogen that could not he accoiin^J 
for by absorption by the growing timothy. Hay on the plat? toceni 



Effects of Sod on Apple Trees 


13 


nitrate of soda contained 18.12 pounds of nitrogen per acre. Pre- 
niably this nitrogen was mainly in the form of nitrates before it was 
liorhed by the plants. Where nitrate of soda was applied, nitrification 
IV have been less, and consequently this supply of nitrate nitrogen 
considered in computing the losses not due to removal by crops, 
hidi ihercfore may possibly have amounted to t8 {.)ounds more than 
Okavii in the table. 

is indicated in table 6, in the sod plats receiving the larger quan- 
liL-iiif niirate there was a very considerable disappearance of nitrogen 
'!u‘ nitrate condition. A part of the nitrogen unaccounted for was 
vvuvined in the roots and the stubble of the timothy sod, but this is as 
HM,f die unfertilized plats as of the fertilized. It is therefore not that 
li) ivhich the present study is concerned. Removal in the drainage 
lUfwunld pro!>ably not account for much of the disappearance, if the 
rinLiue from tlie lysinieter tanks is taken as the criterion. Grass has 
tn i^riAvii for nine years consecutively on certain tanks, and during 
at iime (he average annual removal of nitrate nitrogen in the drainage 
jiiiM was t.q.S pounds, while the largest removal in any one year was 
ouiimls. Tlic same type of soil was used in the lysinieter as in this 
k-nnieai. 

lluTe is evidently a very considerable quantity of the nitrate 
that cannot be accounted for by (l) removal in the hay crop, 
iiicarporation in the roots and stubble, or (3) removal in the drain- 
\v;iU‘r. As has already been mentioned, the growth of timothy, and 
1 extent of the cereals also, usually reduces the nitrates in the soil 
3 low figure. Apparently, part of this transformation is due to the 
'iiiiiption of the nitrate nitrogen by soil organisms whose growth is 
(wlby tlie sod, with the result that the nitrate nitrogen is converted 
b Ollier compounds, in which form it may be held for some time, and 
tn coniliiidns are favorable for the nitrifying process, it may again be 
verted into nitrate. 

T-C' growth of rye on the cultivated plats in 1921 also gives an indi- 
t of how these transformations take place. In that year, no nitrate 
ii' was applied to ajiy of the cultivated tilats, but the rye was allowed 
wv to maturity instead of being plowed under in the spring, as had 
widy been done. It is significant that the relative growth of rye 
plats was in the same order as the previous applications of nitrate 
b, aldio the effect of these treatments on the nitrate content of the 
kid largely disappeared by the autumn of 1920. In table 7 may be 
l a statement of the quantities of nitrate of soda applied annually, 
“‘'■ate content of the several plats in the autumn of 1920, and the 
"‘d vyc, l,)oth grain and straw, in 1921 : 
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table 7 Yields of Rye on Plats Previously Treated with 
lADbn- wTr-rit'c nif NttKATE OF SODA 


Plats j 

Nitrate of soda 
applied annually 
previous to 1921 
(pounds per acre) 

Nitrates 

October 28. 1920 
(parts per million) 

Yield of rvc 
in 

(pounds per acir 

1009, ITO5, m3 

1003, loii, 1107, 1115 
1005, 1013 , 

1007, 1015, T103, im 

0 

100 

300 

QOO 

0 

0 

Trace 

TO . 2 

900 

1.250 

1,800 

3,78/ 


It would appear that the nitrate of soda had not been entire, 
leached from the soil, but that, while nitrates had almost complete 
dtappeared in the fall of 1920, there still remained a part of thenitr^i 
been transformed by soil organisms into other forms. It 
^ne that somewhat more nitrogen had been Uirned under in the r 
cover crops on the plats receiving large quantities of nitrate of sorla t 
irno case did the rye grow very tall, as it was plojt-ed under early 
the spring; so that the differences in this respect were not very gt« 
It doL not seem likely, therefore, that differences in theanmrintsof nr i 
een plowed under in the rye could have accounted frjr the 'argHift 
ILes in the yields of rye on these plats. Mmroorgamsms probably k 
more to do with the conversion of nitrate nitrogen into organic rra-l 
in the soil than did absorption by the rye. 


kesponse of trees to soie treatments 

The differences in size and vigor on corresponding sod and ^ 
vated plats receiving varying amounts of nitrate of so a are 
in Plates 1 , II, and HI. 


W<iight’ of trees 

The data concerning the average weight of 
plats are given in table 8. The probable ^rtor o the a er 
mghteen to twenty healthy trees of each plat was calculated . 
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Plate I 






EFFECT OF SODIUM NITRATE ON TREES ON CULTIVATED PLATS 
1, Plat 1009, no sodium nitrate applied 2, Plat IGU. application 

A, PI, It 1013, application 3C0 pounds 
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TABLE 8. Effect of Soil Treatments on Weight of Trees 


Nitrate 
of soda 
applied 
(pounds) 

Timothy sod 

1 

Cultivation, 

, rye cover-crop 

Increase of 
cultivation 
over sod 
(grams) 

A^Trage 
percentage 
difference 
between trees 
^ of same rank 
m cultivated an 
i adjoining sod 

plats 

Per 1 
acre 

Per 
tree ! 

1 

Plat 

Average 
weightof trees! 
(grams) 

Plat 

Average 
iweightof trees 

1 (grams) 

0 

0 

A 

1001 

1008 

1104 

1112 

1,425 ' 

1,120 ± 120 ; 
1,420 ± 93 
1,650 ± 100 

1009 

1105 

1113 

4,660 =t 260 
: 4,790 zb 247 
' 4,660 zb 175 

3,540 zt 286 ! 
3,370 ± 264 ‘ 
3,010 zb 201 

139 ± 23.2 
274 ±12,8 
247 ± 2L.i 

verage 

1,404 ± 73 


4,703 zb 30 

'3,307 ± 86 


100 ' 

1/20 

1002 

980 ± 100 

1003 1 

1 4,460 ± 28o‘ 

3,480 zb 297 

375 ± 16.2 



1010 

1,310 ± 67 ! 

1011 

4,775 ziz 362 

3,465 ± 368 

240 ± 11.9 



1106 

: 1,630 =h 85 

1107 

4,800 zb 337 

3,170 ^ 346 

200 ± 6 8 

! 

1 


1114 

1,390 i 118 

1115 

5,410 ± 351 

4,020 zb 370 

353 ± 11.1 


Average | 

1,328 ± 91 


4,861 ± 1.34 

3, .534 ± 162 


300 

3/20 

1004 

1,110 ± 93 

1005 

1 5,270 zb 316 

4,160 zb 330 

439 ± 1.S.5 



1012 

1,985 ± 121 

1013 

4,630 zb 285 

2,645 zb 310 

138 ±5 0 



1101 

1,483 







1108 

1,830 ± 94 

1109 

5,170 zb 341 

3,340 zt 352 

187 ± 5.5 


Average 

1,602 ± 130 


5,023 zb 132 

3,382 ± 185 


900 

9/20 

1006 

2,905 ± 131 

1007 

5,170 zt 305 ! 

i 2,265 zh 332 | 

, 68 ± 1.6 



1014 

2,065 zb 191 

1015 

5,150 zb 304! 

1 3,085 dh 359 

i 193 ± \U 



1102 

3,695 =h 221 

1103 

5,005 zb 320 ' 

1 1,310 4z 3901 

21 ± 2.5 



1110 

3,550 ± 267 

1111 

4,730 rb 305 

1,180 ±412; 

43 ± 11 


Average 

3,054 ± 251 


5,014 ± 78 

1 1,960 ± 264 ' 



and that lor the average of the three or four plats receiving the sam 
treatment, by the formula 

E,.ean 0.6745 V-S£L 
nCn-1) 


It is plainly evident that the growth of the trees was retarded ^ 
sod as compared with cultivation. The difference between 
for any sod plat and the average for the adjoining cultivated 
the same application of nitrate of soda, was greater than three timfe 
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)robablc error in all cases except for plats mo and iiit. When the 
vera^cs of all plats receiving the same fertilizer treatments are consid- 
Ired the difference between sod and cultivation is many times the prob- 
ibie'error. The average percentage of difference between the trees of 
he same rank (that is» the largest, the next largest, and so forth, in a 
fiven cultivated plat as compared with the trees of corresponding rank 
'n an adjoining sod plat with the same fertilizer treatment) indicates even 
itore strikingly the harmful influence of the sod. 

The application of nitrate of soda at the rate of 900 pounds per 
acre, which amounted to a little less than }/>, pound per tree, had a marked 
iduence in reducing the injurious effect of timothy sod. The trees from 
the sod plats receiving this application averaged more than twice the 
u'dfht of the trees from sod plats without the addition of nitrate of soda. 
Nevertheless, such an application was not sufficient to entirely overcome 
the inriiience of sod, as is indicated by the fact that the trees receiving this 
ta-afment weighed less than two-thirds as much as those from culti- 
vated plats witho-it nitrate fertilization. An application of 100 pounds 
|(if nitrate of soda per acre apparently had no influence in reducing the 
linjiiry from sod, but some effect was evident from the use of 300 pounds 
icr acre. 

In cultivated plats the addition of nitrate nitrogen resulted in little, 
f any, increase in the weight of the trees. When any two near-by plats, 
udi as 1009 and 1007, are compared, the difference is too small to be 
:ii.m!fi('ant when calculated by the formula 


= \Ed+E2'' 


riiere certainly is no significant difference among the cultivated plats 
mhing varying amounts of nitrate of soda; for example, an application 
300 pounds per acre proved just as effective as one of 900 pounds, 
die cover crop of rye, on the other hand, as previously noted, showed 
ifttarked response to the application of nitrates. 

It should be noted that the relatively small area used for these 
^^pcrinients afforded much more uniform soil condition.s than would 
biain ill a larger area. Nevertheless, in several cases, groups of trees 
^reiving the same treatment showed marked differences in growth ; for 
plats 1014 and 1102, or plats 1004 and 1012. Such differences 
' response are not entirely accounted for by variations in nitrates and 
on the dates when these soil factors wxre determined, as is 
iiy the cleJailed tables 2, 3, 4, and 5 in the appendix. It is evident, 
data, that the trees responded to other conditions 
'Addition to those revealed by the nitrate and moisture determinations. 
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Circumference of trees 

The data concerning the average circumference of the tree trunh 
(tabic 9), altho not so reliable as those for the hnal weight, indicate the 
lesponse of the trees from year to year. During the first season, 

TABLE 9. Effect of Soil Treatments on Girth of Trees 

Average circumference for given years 
fin centimeters) 


Nitrate of sofia 

applied Timothy sod Cultivation, rye cover-cro], 

f pounds per acre) 


Plat j 

I 917 I 1918 

1919 

1920 

Plat } 

1917 

1913 j 

1919 i 

192ii 

0 

tool 

4,1 5 0 

6. 1 

8.4 







1008 

i 4,1 5,1 

,5.8 

1 7.8 

1009 

4.1 

6.9 i 

9.6 

1,1 li 


1101 

, 4,1 4.8 ! 

,5.8 

i 8,6 

j 1105 

4.1 

6.8 i 

9 8 

I.vl 


1112 ! 

4,0 48 ! 

: 6.3 

j 9.2 

1113 

4.1 

6.8 1 

9,7 

Ij 3 


Average 

4 1 4.9 

6,0 

1 8,5 


1 4. 1 

6.8 j 

9.7 

1,1.2 

too 

1 1002 1 

4.0 4.7 

5 . 5 

7,3 

1003 1 

, 4. 1 

6.8 : 

9 4 

1.1.2 


1010 1 

4.0 5.1 

6.3 ’ 

8.6 

1011 1 

4,0 

6.5 i 

9.4 ' 

1,1.1.' 


1 1106 

4 8 5.1 

6.4 

9.2 

1107 

4,1 

6.6 i 

9.1 , 

H.!l 


1 1114 

41 4.7 

6.2 

8.4 

1115 

4,1 

6.5 I 

-1 

[ 9 6 

j 


ANCrakC 

4.1 4.9 

6.1 

8.4 


4.1 

6.6 j 

9,5 

1 .1.1 

.iOO 

’ 1004 

4 0 4.9 

6.0 

1 7.9 

1005 ^ 

4,1 ! 

i 7.3 

! 10.1 

1' < 


! 1012 ' 

4,1 5.2 

6.8 

9.8 

1013 

4,1 ' 

1 1 

, 9.5 

]' 2 


' 1101 ' 

4 0 4.6 

6.1 

8.8 







1 1108 

4,1 .S.l 

6.7 

9.7 

1109 

4 2 

6.6 

1 9 .( 1 , 

1.12 


Average 

4,1 5.0 

6 4 

9.1 


4 1 

6.9 


l.U 

900 

j 1006 

4.1 6.1 

8., 2 

11.2 

1007 

4.1 

7.0 

1 9.8 

in 


S 1014 

4.0 5.2 

6,9 

9.8 

1015 

4. 1 

6.9 

9 .; 

11 ^ 


1 1102 

4.1 5.9 

8.4 

12.0 

1103 

4 1 

6.7 

: 9 2 

12 “J 


1 1110 

4.1 5,7 

8.1 

11,7 

nil 

4.2 

j 6.6 

1 9.4 

11 ti 


Average 

1 4. 1 5.7 

i 

11.2 


4,1 

1 6.8 

9.5 

i.n 
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Height and spread of trees 

Xhe measurements of the height and spread of the trees, given in 
able JO, also corroborate the results previously discussed- It is inter- 
sting to note that the average height of the trees grown on the timothy 
)iats receiving 900 pounds of nitrate of soda per acre is as great as that 


table 10. Effect of Soil Tre.\tments on Height .\nd Spread of Trees 


N'itrate 


Timothy sod 


Cultivation, rye cover-crop 

of soda 
applied 
■ poimcl.s 

















'■)cr acre' | 

Plat 

Average 

spread 

Average 

height 

Average ' 
ratio 

Plat 

Average 

S[irearl 

Average 

height 

Average 
rat io 



(feet) 

(feet) 


(feet) 

(feet) 

0 

■ 1008 

2 5 

5.5 ! 

1 2.20 

1009 

i 4.1 

8.1 

1.98 


1104 

2.8 

.6,. 5 1 

' 2.25 

t 1105 1 

! 4.1 

8.7 

2.12 


1 1112 

3.2 

6.5 ! 

2.03 

j 1113 : 

4,4 

8,2 

1.86 

Ai'erage | 

1 2,8 ; 

6.1 , 

! 2-18 


4.2 

8.3 

1.98 

100 

i 




1003 

4.3 1 

7.9 

1.84 


! 1010 

I 2.8 

6.4 

2.29 

1011 

3.9 

8.2 

2 10 


1106 

1 3.0 

6,4 

2.13 

1107 

4.2 

8.3 

1.98 


1114 

3.0 

5.6 

1.87 

1115 

4.6 

8.3 

1.80 

Average | 

1 2.9 

6.1 

1 2.10 


4., 3 ■ 

8.2 j 

1 1,91 

500 

1 1004 

1 2.5 

6.1 

2.44 

1005 

j 4.3 

j 9,1 : 

2, 12 


! 1012 

2.9 

7.0 

2.41 

1013 

•1 . 1 

8,1 

1.9S 


! U08 

2,9 

7,2 

2.48 

1109 

4.4 

8.6 

1,95 

A\era^o 

2.8 

6.8 

2.43 


1 4.3 

8.6 

1 2.00 

900 

1006 

2.9 

8.2 

2,83 

1007 

4.2 

8.3 

1.98 


( 1014 

2.6 

7.3 

2.81 

1015 

4.5 

8,2 

1.82 


U02 

,5.2 

8.3 

2.59 

1103 

4.1 

8,2 

2.00 


1 ino 

3.6 : 

j 8.8 

2.44 

1111 

4.5 

8.1 

1 . 80 

Average 

3.1 

i 8.2 

1 2,65 

1 

j 4.3 

8.2 

j 1.91 


tile trees on the cultivated plats, but the spread is less. The trees 
^ t't'c'eiving 300 pounds of nitrate of soda per acre are some- 

in receiving- less fertilizer. Relatively few strong 

; are formed on the more vigorous trees grown on sod, and a 
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large proportion of the lateral buds remain dormant, as compared with 
trees on cultivated plats. The stimulation resulting from the application 
of nitrates in the case of trees in sod seems to be manifest primarily jg 
additional length growth. This is shown clearly in Plate 1. 


Effect of soil conditions on the root system 

The ratio between the weight of the top and the weight of the root 
system may be affected by treatments or conditions that favor rapid 
and prolonged top growth (Chandler, 1919). Apparently the soil treat- 
ment, as well as the location of the respective plats on the experimcniai 
area, influenced this relationship, as indicated by the data in table u; 


TABLE 11. Ratio between Weight of Top and Weight op Root System 


Nitrate of 
sodaapplied 
(pounds) 

Timothy sod 

Cultivation, 
rye cover -crop 

Per Per 
acre tree 

Plat 

Average weight 

Roots Tnjis 

(grams) (grams) 

Average 

ratio 

Plat 

Average weight 

Roots Tops 
(grams) (grams) 

1 Avera^f 
ratio 

0 0 

1008 

385 

735 

1.91 

1009 

1,500 

3,160 

1 2,11 


1104 

509 

911 

1.79 

1105 

1,610 

3,180 

i l.i^S 


1112 

650 

1,000 

1.54 

1113 

1,730 

2,930 

' 1,6^) 

Average 

515 

882 

1,71 


1,613 

3,090 

! 1.92 

100 1/20 

1010 

436 

874 

2.00 

1011 ! 

i 1,585 

3,190 

! 2.01 


1106 

.565 

1,065 

1.88 

1107 

^ 1,520 

3,280 

I 23 


1114 

491 

899 ; 

1.83 ' 

1115 

2,110 

3,300 : 

j 1.56 

I 

Average 

497 j 

946 1 

1.90 


1,738 

3,257 


300 3/20 

, 1004 

389 

721 

, 1.85 

1005 

1,750 

3,520 1 

2.01 


1012 

640 

1,345 

: 2.10 

1013 

1,575 

3,055 ! 

1.91 


1108 

615 

1,215 

1,98 

1109 

1,765 

3,405 1 

1.95 

Average j 

548 

1,094 

2,00 


1,697 

3,327 I 

1.96 

900 9/20| 

1006 

945 

1,960 

2.07 

1 1007 ! 

! 1,840 

" 3,3^ 

l.Sl 

> ! 1 


, lOH 

619 

1,446 

2.34 

1015 

: 1,645 

3,505 ' 

4 r1l 


■ 1102 

1,170 

2,525 

2.16 ! 

! 1103 

1,665 

3,340 ! 

1 'S 

i 

1110 

1 

1,090 

2,460 

2.26 

j nil 

1,700 

3,030 i 


Average j 

956 

2,098 

■ 2,19 j 


i 1,713 

3,301 j 
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The trees on the sod pJats receiving no nitrate nitrogen had relatively 
heavv roots for the small tops, as compared with the corresponding cul- 
tivated plats. However, the roots from trees in the sod plats receiving 
qoo pounds of nitrate of soda to the acre, constituted a much smaller 
loan of (he total weight of the tree. The average ratio for the trees on 
lod plats with lOO pounds and with 300 pounds of nitrate of soda fell 
^ .tween these extremes. 

In the case of trees in the cultivated plats, the application of nitrate 
irogen apparently did not affect the relationship between weight of 
le top and weight of the root system. The roots on all trees from such 
at; were distinctly fibrous, as compared wnth the long, sparsely branched 
)Otsof the trees on sod, as indicated in Plates II and III. This was the 
\se irrespective of the fertilizer treatment. 

SUMMARY 

Apple trees were grown on field plats continuously in sod, and on 
ilats on which rye was used as a cover crop. Ail plats were fertilized 
fith acid phosphate and muriate of potash. Nitrate of soda was applied 
c certain of the sod and cover-crop plats at the respective rates of 900, 
|oo, and 100 pounds per acre, and was withheld entirely from others. 

Moisture and nitrates in the soil were determined from time to 
me. Measurements were made of the tree growth at the end of each 
flson. At the end of the experiment, the trees were cut off at the surface 
bliesoil and weighed, and the roots were dug and weighed. 

Moderate differences in moisture content of the soil were observable 
tuveen the variously treated plats, but they were slight as compared 
ith the differences in the nitrate nitrogen present. Nitrates were always 
under the sod except when large quantities of nitrate of soda had 
applied recently. 

Tree growth was greatest on those sod plats which received the 
3 iest quantity of nitrate of soda, indicating a deficiency of available 
rogen under the unfertilized sod. 

That the removal of moisture from the soil by the grass was not an 
Portant factor in tree growth was indicated by the fact that the growth 
(he trees was greatest on those sod plats in which the moisture was 
5 (, owing to a greater growth of grass resulting from the large applica- 
of nitrate of soda. Apparently the maintenance of an adequate 
PP'V of nitrate nitrogen in the soil used in this experiment was the 
timuiing factor in tree growth, and soil moisture was very much less 
^Ttant. 

I a disappearance of nitrate nitrogen from the soil of the 

I P ats which could not be accounted for by i ts removal in the crops 
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of hay or its incorporation in the roots and stubble, and presuinablv 
by its removal in drainage water. It is probable that the consumption 
nitrate nitrogen by soil organisms caused the disappearance by convex 
ing the nitrate nitrogen into other compounds. 

Even on the cover-crop plats this transformation of nitrogen an 
parently occurred, as is indicated by the growth of rye on the plats in 
1921 when, aitho no nitrate was applied that, year, the yield was in the 
same order as the quantity of nitrate of soda applied in previous vear? 
Practically all nitrate nitrogen had disappeared from the soil of all thf 
plats in the autumn of 1920, so that the larger quantity of available 
nitrogen on the nitrate-of-soda plats must have come from the nitrifi. 
cation of nitrogenous material, most likely in organic combination that 
had previously been transformed from nitrate. 

The injurious effect of sod on the growth of young apple tree? 
w^as reduced Ijv the annual application of 3^2 pound of nitrate of soda 
per tree. 

Trees on cultivated plats did not respond to the addition of iiitra 
fertilizer, whereas those on sod plats receiving pound per tree ave 
aged more than twdee the weight of those on sod plats without nltrai 

Trees on sod plats receiving nitrate of soda showed vigorous termio; 
growth, but relatively few strong branches as compared with traso 
cultivated plats. 

Trees on sod plats receiving no- nitrate nitrogen had relaiiveh 
heavy roots as compared with those on cultivated plats, but the root 
from trees on sod plats receiving heavy applications of nitrate coti'd 
tilted a much smaller part of the total weight of the tree. 

The routs from trees on cultivated plats were more fibrous a;; coni- 
pared with those from trees on sod plats. 
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APPENDIX 

vBi K ^ 'i\ det.ail). Moisture Con-tekt is .Surface Eiuht I.nches of Soil 

IN 1919 




Timothy 

od 




!2uUivatio 




Moisture 

(per cent 

n dry soi 

) I 


loisture i 

per cent 

n dry soil 


Plat 

Anril 

22 

July 

8 

Aug. 

15 

Oct. 

11 

Plat 

April 

July 

8 

Aug- 

net. 

n 

' 1001 

26.1 

15 

6 

14 8 

16.4 






i 1008 

26 8 

16 

i 

17.2 

18.6 

1009 

26 . 5 

19.9 

IS 8 

12.6 

1 1104 

28,5 

IS 

0 

19 7 

20 . 3 

1105 

26.7 

19,6 

16.1 

11.3 

1112 

30 0 

IS 

6 

19,4 

19 6 

111.1 

29.5 

20,1 

16.2 

12.8 

vtrage 

27.8 

17.1 

17.8 

18.7 


27 6 

19 9 

16,0 

12.2 

1002 

27.. 5 

15 

8 

17.2 

18.0 

1003 

27 5 

19.7 

16,0 

12.7 

: 1010 

28.2 

16 

8 

18.6 

18.7 

ion 

27,3 

20.4 

16,9 

14. 1 

1106 

26.8 

16 

6 

18.7 

19,3 

1 1107 

26.7 

20,4 

17.3 

1,3 I 

> Ult 

.30 5 

18 

0 

10,1 

20,0 

: 1115 

28 5 

21.3 

16 9 

13,5 

UTrugf 

28.2 

16 

8 

18.4 

19.0 ! 


i 27.5 

i 20.4 

I 16.8 

j 13.2 

1004 

28.5 

16 

4 

16,2 

16 8 ; 

i 1005 

27.7 

i 20 6 

I 16 5 

i 13.5 

^ KM2 

28.5 

17 

0 

17,7 

16.8 ! 

1013 

28,5 

20.9 

! 17.0 

14.4 

, IlOI 

27,2 

16 

8 

18,9 

19.0 i 



1 



1108 

28. 5 

16 

9 

19 3 

18.3 j 

1 1109 

28 0 

j 21,2 

1 16.5 

12.8 

Average 

28.2 

16 

8 

18,0 


i 

i 28,1 

[ 20.9 

1 16,7 

13.6 

■ 1006 

! 27.0 

16 

2 

14.0 

12,3 i 

1007 

1 26.5 

20,1 

16 4 

13.0 

: 1014 

! 29.5 

16 

9 

13.3 

12.3 I 

1015 

31.0 

20.6 

16.6 

13.3 

1102 

i 27.5 

16 

6 

15.2 

13.5 

1103 

27.5 

20.0 

16.9 

14.0 

illO 

; 28,5 

18 

,3 

17.7 

15,3 ! 

nil 

j 28,3 

.^3 1 

18.2 

15 7 

-ivt-ragp 

28.1 

17 

.0 

15.0 

13,3 i! 

j 28.3 

1 20.9 

17.0 

I 14.0 





rABLE 4 (IS DETAIL). Nitrates in Surface Eight Inches of Soil in 1919 


yitrate 
of soda 
applied 
fpounds 
^acrc) 


Nitrates 

Timothy god 

NOai (parts per million 
m dry soil) 

. Cultivation 

Nitrates (NOaj (parts per million 
m dry soil) 

Plat 

April 

22 

July 

8 

Aug. 

15 

Oct. 

11 

Plat 

April 

22 

July 

8 

Aug. 

15 

Oct, 

11 

0 

1001 

1008 

1104 

1112 

7.9 

4.0 

2.2 

4.5 

7.1 

4.8 

4.9 
4,3 

21 .2 

6.9 

8.9 
6,8 

4.0 

4,9 

9,3 

5.7 

1009 

1105 

1113 

7.2 

9.2 
4.5 

74.0 

79.0 
59.7 

55.1 

81.2 
60.9 

51.7 

45.2 

46.2 

Average 

4.7 

5.3 

10.9 

6 0 


7.0 

70.9 

65 , 7 

47 7 

100 

Av 

1002 

1010 

1106 

1114 

8.0 

6.7 

5.9 

4.S 

7.1 
6.0 

5.1 
3.7 

7,5 

7.9 

11.1 

9.8 

4.9 

4.9 

7.4 

4.9 

1003 

ion 

1107 

1115 

8.0 

10 0 
3.5 
8.0 

~r 

64,2 

87.1 

62.2 
70,2 

119 4 
115.0 
72.6 
79.2 

103.9 

84.9 

92.3 

69.2 

jragc 

6.3 

5.5 

9.1 

5.5 1 


70.9 

96,6 

87 6 

300 [ 1004 

1012 
1101 
[ iioa 

1 13,4 1 

5.4 

4.4 
3.6 

6.6 

6.0 

6.0 

5.4 

8.1 

12.1 

6.8 

9.8 

6,6 ’ 
4.8 

4.5 

6.5 

1 1005 

I 1013 

1109 

7.3 

8.0 

8.0 

104 5 

100.3 

120.4 

' 143.3 
163.2 

150.4 

116,0 

146.3 

150,0 

Average 

6.7 1 

6,0 

9 2 

5.6 



108.4 

152.3 

137.4 

900 

1006 j 
1014 
1102 
1110 

4.4 

7.5 

7.3 

5.4 

6.2 

28.7 1 

16.8 
19.2 
15.9 

21.1 

15,1 

14.8 

48.4 

11.5 j 
6.1 
15.1 
38,0 

1007 

1015 

1103 

1111 

9.9 

11 .0 
12.0 

7.4 

199.0 

174.2 

197.4 

230.4 

200.1 

252.0 

115,8 

213.5 

198.6 

150.8 

198.9 
237.2 

Average j 

20.2 j 

24,9 

17.7 


10 1 

200 4 

■ 
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thk nature and reaction of water from 
HYDATHODES 

J. K. Wilson 


In iho process of growth and development, plants lose various parts 
,f their structure. Root hairs are, relatively speaking, of short duration 
n,] root-cap cells are gradually sloughed off; while pollen and other floral 
larts are soon lost. In addition to this loss of organic material the 
ilsnts leturn to the soil, by a gradual passing downward and outward 
liwufih the root system, various inorganic and organic materials These 
uiorials may be lost also through special organs, such as the nectaries 
r the hyclathodes, the materials either falling off or being washed away 
y rain or dew. ^ 

'ill studying the effect that plants have on the growth of bacteria in 
)il. It. became desirable, in order to throw light on the results that were 
obtained, to make a study of the presence of certain materials in 
le exudate water of maize, oats, and timothy. This paper gives the 
■suits of the findings from this study, in so far as they bear on the broader 
ivostigation. 

PREVIOUS STUDIES 

-in invcstiption somewhat similar to this was pursued by Berthelot 
V roiwrted by Duchartro (1859). Four hundred cubic centimeters 
^ -iitta ion water was collected from Colocasia and evaporated to drv- 
,7'., contained potassium chloride, calcium carbonate 

.1 mucilaginous material. The last-named was completely soluble 
^ (Onccntrations and produced a froth when boiled. When the drv 
i iIi^M carbonized. It is concluded, however, that only 

iidim nn. 1 materials were found in this 

and that the concentration was about equal to that of distilled 

TaiiMilv^^^'?’ collected the salts from the leaves and stems 
o, consisted of CaCO, 51.9 per cent, MgSOiH^O 

1^2'n^i' t 5.5 per cent. 

I.w-Iw'.- Na^COa 3.8 per cent. 

plants X secreting cells of a number 

''■‘lin oraanic f “■i®'d«able number of inorganic substances, 

b'' idbef and Olucose was secreted from 

'he water '^bile basic oxalic acid was found 

Ihefor - f Lathyrm odomtus. 

7 plants were studied by Klein (1913). Guttation 
!ti as lenircnfs examined, diphenylamine and nitron being 

riate w.aur fi’nrrr<;7'7°7 were not found in the 

afemnt.v, , ,-,.,v;v7 hiloba, Fuchsia sp., Nicotiana sibestris, 

* "•ere ,*7 I,'’™*?®® Menziesii, and Zea Mays seven weeks old, 

n that from Zea Mays seedlings five days old. Also, 
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the exudate water from Cahdium aniiquorum gave a positive test 
diphenylamine but no test with nitron. 

Klein examined the first drop to appear on the leaves of 
idiUs and F^ichsia sp., and found nitrates but no nitrites. TIk' 
appeared in the exuded water after from six to eight hours, givii\t>; a 
test with Oriess Lunge reagents. After two days the ni( rates 
disappeared. Klein concludes that nitrites are found in th(‘ 
water only after a partial reduction from the nitrates by l^acteri^j ,,v 
molds. 

Lyon and Wilson (1921) grew plants wKose roots were inmu'rsod 
a sterile nutrient solution. They found in the solution surroundincr t]i- 
plant roots 535 milligrams of organic material, consisting in j);nt ./ 
peroxidase and a reducing substance wdiieh were identified l^y color iku' 
This organic inateiial had been liberated by the growing plant roots 

METHODS AND MATERIAL 

It seemed desirable in the present study, because of the scarritv f 
material and the question of feasibility, to confine the investigatio 
for the most part to a qualitative determination of various organic si]): 
stances that may be present and readily detected in the exudate ware 
A number of tests were performed to determine some of the spciiS' 
substances. Some of the tests were for the identification of spoiS! 
organic compounds, while others were for inorganic substances. Kkii 
considered that the nitrites wKich he found in the gultation water wn 
produced from the nitrates by molds or bacteria. In order to av&ii] 
this complication, the various tests in this study were first peifoniK! 
on material collected from plants growing under non-sterile condiiinig, 
and then the technique w^as applied to exudate water collected from stcnle 
plants. 

The material for examination was collected from two sources. Uw 
was from maize grown in the greenhouse in soil. These plants wcrciu: 
the most part not more than three weeks old nor more than four 
high. They had from two to four blades when the water was collccie'f 
They were watered from an ordinary hose by spraying, but it is doubtful 
whether a great deal of this water was collected as exudate water. Exudate | 
water was collected also from maize grown in water culture, and 
lawn grass, which was mainly blue grass, around the buildings on tite 
campus. 

The second source of material was from plants grown under sterile 
conditions. Among these plants were maize, timothy, and oats, gro«i; 
from sterile seeds sown on a sterilized substratum. 

From 20 to 30 cubic centimeters of the exudate water was eolled^ 
in the course of an hour from maize which was growing und(U’ 
conditions. This was taken from either the ends or the sides of the 
It was used immediately in testing for certain substances which it 
contain. In all probability it was somewhat more concentrate 'd 
first exuded. All determinations were made, however, on the 
as collected. Smaller amounts were collected from maize. oatN * 
timothy grown under sterile conditions. 
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PHTsEN* OF CERTAIN INORGANIC MATERIALS IN WATER FROM HYDATHODES 

Total solids 

In milking a deterniination of the inorganic as well as the organic 
ui 3 t(‘ii:d' in the exuded water, it was desirable to know the proportion of 
'■•Kh This was determined by evaporating 10 cubic centimeters of the 
^v\t(‘r and weighing the residue both before and after igniting it. The 
inti'iiai which was left after ignition was called inorganic^ while that which 
iv't' (Iriv’cn off on ignition was called organic. The results of three dctcr- 
'liiiwtions arc given in table 1: 


T\HLE I. Total Solids and Organic Matter in Water from Hydathodes 



i Total solids 

Parts per | 

Parts per 

Source of water i 

' (parts per 

million left | 

million lost 


^ nulJion) , 

after ignition , 

On ignition 

.V.i;r5t-erile maize ' 

1,030 

280 

i 750 

i’rrilc timothy 

.o73 

377 

' 196 

^’^'rile tiifiothy 

220 

90 

130 


Tk-se results indicate that there was a considerable variation in total 
jdlklsof various collections; also, that the amount lost on ignition, which 
\v;(? called organic matter, varied from 130 to 750 parts per million. This 
rariation may be due partly to the fact that plants of different ages 
nere used. 

i^itrites 

To about 5 cubic centimeters of the exudate water from maize plants 
ortydhree days old, the Griess reagents for the detection of nitrites were 
ckled. After a few minutes a pink color began to appear. At the end of 
i^enty minutes the color was very pronounced but was much fainter than 
kit of a standard which represented 0.0001 milligram of nitrites per cubic 
fntimeter. The reagents did not give this test with distilled water, 
i hi a second test, from three to four drops of an aqueous solution of 
' - per cent sulfanilic acid was added to 4 cubic centimeters of the exudate 
r'Ucr from maize plants forty-three days old, and the materials were 
fiheil From tw'o to three drops of concentrated hydrochloric acid 
an alcoholic diphenylamine solution was added to this mixture. 

‘k'li these 

were mixed, the red color that appeared ivas taken as an 
I'kation of nitrites. The reagents and distilled water did not give this test. 
I Third t(‘.st for nitrites consisted in adding an alcoholic solution of 
pta-iiaphtliylainine and dilute hydrochloric acid to some of the exudate 
stcr. the development of a deep violet being considered a positive 
r constituent. 

from sterile maize, oats, and timothy, from eight to 
■ cen days old, gave these tests for nitrites. 

^ Nitrates 

5 cubic centimeters of the exudate water from 
< '« a|)orated to dryness, and to the residue was added 0.1 cubic 
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+■ nVipnolciisulDlionic acid. The residue and ^cid w;!- ]ublit‘ij 

"£frot ? TY Th ",‘''7"’ 

; J ffrlHPfl and then an excess of ammonia water 1 1. The .level, i,. 
water was added, ^ ^ evidence of the presence of nitrates, T!,V 
ment of a , ■,? g^udate water collected from maize oleveiulavs 

S I.— M'S OH, »..«», ..i, 

sterile conditions. 


presence of certain organic materials in water from htdathck, 
Reduction of methylene blue 

n. Obis.. »• “ “tSo.’fs iyirrss 

blue soli'ton J el pomt auil seer 

Visible. This mixt With this nrocediire the color of the mfthvl 

the exudate water was added _ ^^ith th« proceflu 

^leraMeTed inT^ This was considered a positive test for retkini 
considerable occurs when reducing sugars, and pi-oludy 

substanep. iuis fVvp solution, and gives a positive ie>t 

other substances, solution being tested contains 0.000("!3y 

results. 

Sugar 

Hcriot (1920), It uas water from maize, i-m 

the surface of contact Tlu g^tiv heated Exudate water!® 

if the whole mixture was stirred and Sent J slanting gave .a 1»«"'; 
sterile maize plants collected elev^en ^ ’^^“golfe’cfed fi-ontei®t 
test in less than two immites. For „roduce the cIm!*'’'; 

oats nine days old, thirty minutes was Cute watercolb''^ 

istic reaction. The test for sugar was Y®^ * ®XSieeii (bvs 
from sterile timothy plants varying m age 

Enzymes 

Caiakise — To about 9 cubic centimeters of the ami jl' 

maize, 0.5 cubic centimeter of .I'T'l'®®®" .P^Y^gf^^jaiixing. Attc' »J[‘ 
solution was gently rotated to insure a °Yf e^.istiire. ^ 
minutes, bubbles began rising from the interior o' “ , bu* 
action was accelerated when the “ 7 . j^® 
appeared in a similar mixture ''^en distilled water an U) 
wTre used. A similar determination with boiled exuo 
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« 

0 bubble?. The bubbles were taken as an indication of the presence 

1 cataluic. The test was positive when made with exudate w^ter col- 
(ted in HI sterile oats, maize, and timothy. 

l\roxi<l(i-^e. In maMng the first test for peroxidase, 5 cubic centimeters 
■the e.vudate water from maize was placed in a test tube and about 0 1 
11 , le conrmieter of hydrogen peroxide was added. The solution was 
ixcd thoroughly and allowed to stand for from two to three minute? 
tter till? niterval a few drops of a five-per-cent phenol solution was added 
peroxidase was present a browning of the solution occurred and aS 
time a precipitate settled to the bottom of the test tube. This reaction 
e very decisive. The browning began within ten seconds after the test 
made and was accompanied with a heavy brown precipitate. When 

exudate water, no reaction was 

Tests with water from hydathodes of sterile maize eight days old and 
ts Mine days old were also very decisive, while a test from timothv 

I'was plitix e!'’''' '''' thirteen dayl 

In a second test for peroxidase, txvo drops of hydrogen peroxide was 
Jed to about 3 cubic centimeters of the exudate water from maize 
I the materials xjere mixed. In about one minute two drops of an 
oiolic solution of guaiac was added. There was instantly a bhiinv 
the guaiac, the blue color becoming intense. This did not occur if 
tell peioxide was omitted or if the exudate water was boiled This 

» Ur'and ilmrthr 

I’eports that no nitrites were found in water 
u he leaves of Boehmena uttUs and Ficchsia sp. when it was examined 

'i •''»* •1'"^ .ppaarariS'Zm 

F In-'- nf longer standing ammonia develoned 

■in a^oriLd tf tL'^artio^ nitrites and ammonia 
lOdropfK “ the action of molds and bacteria. It would seem that 

sound "" '■®‘i'>‘=tion. Nitrate-reducing enz 3 mes 

living cells of thrroot^^'th exudate water has been in contact 

n 1 nitrates to nitrites and ammonia. 

Ofted from i2fi?tTr!^otW exudate water was 
usorl in the folio win ^ plants eighteen days old. The materials 

«"timetors of oxudate, 
or Of bonzvl aloobnl solution of NaNOs, 0.1 cubic centi- 

control tip in n accelerator, 0.9 cubic centimeter of water 

into watoi^ The?^? centimeters of exudate was replaced by boiled 
fioroughh- mked “ a stoppered container 

for foiu-eiffht 'bnJ^^ control were kept at about 

was determined wifK presence of 

^ conditions were not reagents. It is presumed that 

comparison nf 1 * favorable for bacterial growth. 

was fLnd°l?+h^® showed at least twice as much nitrite 
^^■'fortw, (Uv-fonr bl. somewhat similar test con- 

rs, in which exudate water from sterile timothy 
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plants fourteen days old was used, also was positive though not so pp). 

nounced. ^ ^ i . 

Tests of this character using water from maize fourteen and eighteen 

days old gave no increase in nitrites. 

HYDROGKX ION CONCENTRATION OE WATER FROM HYDATIIODES 

It was pointed out by Haas ( 1920 ) that the hydrogen ion roncentraiw 
in express^ sap of plants varies with the kind of p ant, its stap ol inatunjy, 
ancHhe substratum on which it was grown. In this work it was d»,ratl 
trlLw whether or not the exudate water of young plants wiuW 
n hvtogen ion concentration in the same way. In order to fliw ],* 
on tbs iioint maize, oats, and timothy were grown under sterile 
0^*^8,01116 kind of substratum, and timothy was grown also (m 6 vj 
rfferent kinds of substrata. The exudate water was reinoveyrom si 
lu 1 rlnv qnfl thc hvdrogeii ion concentration was detennine^ 

modification that the exudate water was plafcd m the wefis of a p 
Xtfand a small amount of indicator w;as added to eph. The 

were compared with Clark’s color chart to determine then ,1 
value. The findings are recorded in table- 2 : 

TXBLE a Hydrogen Ion Concentration of Exudate Water from 0.u. 

Timothy 

(Plants seven daj^s old at time of first collection) ^ 



Maize 

Oats 

Timothy 

Number of days after 
first collection 

Sub- 

Sub- 

Substratum * 

stratum * 

1 

stratum 

1 

1 

2 ■ 

3 4 5 

Q 

<S.2 

pH 

6,3 

pH 

6.6 

6.2 

6.2 

6 4 
5.6 
6.4 

pH i 
6.8 j 

pH pH 

7.0 li.s y 

7.0 ti.- 

1 

0.2 

6 4 

0,8 

9 

6.4 

6.0 

6.6 

- o 

0 6 f) ’ 

3 

6 4 

* 7.0 

0 O 


4 

.5.2 

0.4 

5 6 

6 4 


0 2 

0,6 

6.4 

6’2’..- ' 

g 

5.3 

6.6 

6.2 

6.2 

0.2 


6.4 

6.4 

6.2 

6.2 

6,2 


8 

.5 . 6 

6.2 

6.2 


g 

o.O 

5.2 

7-4 


10 

1 5 0 

6 2 




11 

. 5.1 

6,1 

..... 


li.4 • 

19 

^ 6.2 

7.0 

6.2 

■’6, a' 

6.2 ■ 

13 

6.2 



14 

6.6 








tap water; o, soil with ,10 per cent of distilled water. 

It is observed that the first water exuded from 
maize, oats, and timothy plants as meaprod by t yip^thefS*' 

was approximatelv neutral and that as the plants i,,i,v iiiti«>’ 

water became more acid. In the case of maize this .c • 
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Util it wa-s alwut the same as that of the evorps^Pr? u t , 

l-uits as (Ictermiried by Haas. The reaction ^of thi ° 

luofhy, an(i oat^s grown on a similar medium was not X 

,„AUO became considerably more acid than that froTtimothy or' 

Ti)c hydrogen ion concentration of exuded . 1 , 

on a number of substrata suggests thif wi/h 
,l,smuun. makes veiy little if anrSme^in m 
■iiimtion. Probably the temperature and hVht Pnn rf 
hid. operate to change the ifydi'^ tn coteS“n" 

.vater from hydathodes as a medium fob bacterial growth 
hi a test to determine the extent of hartprioi 

odes, 0.002 cubic centimeter of the exudate w#itpr f hyda- 

,s spread over 1 square cenSneterTf surface 

ter the water had spontaneously evaporated the 

rough a flame and the residue avL stamed with^7^pt?\® ’’*^1®®}^ 

thsm, Orr examining this under the “scTr^e 

p nattrral contamination of the material as enll * + n® 

0 Itaeterra per cubic centimeter st e of tht e 'd T® 

iibatod for forty hours at j-oom fPiviT^p . f exudate water was 

's-rit were again determined. By that Vine’ such tlien 

Ptma had developed that the solution was vSy elVdv aVP 
" Ptimlnr to the preceding shoM-ed more than 100 OoWn V 
Jif centimeter A series nf „Iq*=o . ^"'^'*"0,000 bacteria per 

■™n.ber presenf hTtL method The‘“,V 
>n 90,000,000 bacteria per cubic cent VeVr^ TnVrf 

Irfcrred to a slope and used subseouentlv' in dm ^ colony was 

ibe organism in sterilized pxinkfp deteimining the growth 

^'atcr was collected from Ts.f (table 3, H). 

iipus. This was filtered I] ^ growing around the buildings on the 

1 Vrr tCrghly'Vl ^T^’ni d‘“ «« f"" - 

f^5"ater. It was th™ dir ^V ‘ ™‘®'' drained free of 

and VVLS wi f t ® 'f " test tubes. 

dictermined. The result is given instable 3 ™’ 

'tt 1 Geowmi or Bacxeria ik Hvoaxhoo. Wax™ ™om Grass ox Camp,:s Lawr 
_ (Incubated at 25° C.) 


Organism 


Number 
of bacteria 
introduced 
per cc. 


19.500 
Co 

2.500 
835 

19,000 


Bacteria 
per ce. 
24 hours 
later 


i*tplaot. Trr'f 


44,500,000 

1,750,000 

8,000,000 

850,000 

87,000,000 


Bacteria 
per cc. 
4S hours 
later 


103.000. 000 

900.000 

16.000. 000 

0 13. 000 

146,000,000 


natural contamination of water from hydathodes of c 
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The data show that there was a large increase in bacteria cuh' 
centimeter in twenty-four hours. A further increase is evidpDi; « I 
three of the organisms after forty-eight hours. The falling-off in 
with the other two organisms at the forty-eight-hour period i> proha^ 
due to their having used all the organic material suitable for growth 

DISCUSSION OF KESULTS 

The work herein reported shows that in the exudate water froiri 
hydathodes of maize, oats, and timothy, both inorganic and orgaii 
materials were found. This was obsemd in the water from plan- 
varying in age from eight to forty-three days. Color tests were mari 
to identify some of the compounds. Since it is recognized that inkcjifj 
by molds or bacteria might change the composition of the water in a dr?/ 
time, the exudate water was collected from sterile and non-sterilc plsnt 
for examination. The total solids were determined by evaporating; 
definite amount of the water and weighing the residue. The weight whkl 
was lost when the total solids were ignited was considered organic ni!infr 
No effort was made to determine what salts were present in tlie wste? 
other than nitrates and nitrites. This has been determined in a iiioa?QT? 
by other workers. 

The organic materials that have been identified suggest that \k 
exudate water may have a similar composition to that of the plant 
This supposition is especially warranted by the fact that the evidf 
contains several enzymes which are known to be present within the 
and that the hydrogen ion concentration is almost the same as tlisi 
expressed sap of similar plants as reported by Haas. 

The identification of a substance capable of reducing nitrates to nitrit 
suggests that the nitrates which are taken up by the plant horn il 
substratum are in part reduced to nitrites as they pass up through the plai 
tissues, and that tliis reduction may continue for some time after therai 
has been exuded through the hydathodes. 

The organic material that is present in the water from hydathodes seeE 
to be easily utilized by bacteria. Since under field conditions this 
finds its way into the soil, it must serve similarly as a temporary 
of food for soil organisms. 

SUM>LA.EY 

The chief points brought out in this paper are the following: 

Total solids in the water exuded through the hydathodes from 
plants growing under non-sterile conditions were as high as 1030 
million. The total solids in water from timothy plants which wcjr 
ing in closed containers in the absence of microorganisms wore 
being in one case only 573 and in another only 220 parts per m-'’ 

In all cases the total solids were more than half organic matter. 

Reactions were obtained which indicated the presence ei ^ 
nitrates, materials capable of reducing methylene blue, 
peroxidases, in the exuded water from maize, oats, and timotln- 
tases were probably present in the water from timothy, but no 
was obsei-vcd to indicate their presence in the water from maize. 
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The exuded water from various plants was a good medium for the 
}\vth of bacteria. This was evidenced by an increase in the number 
bacteria in inoculated water. 

The hydrogen ion concentration of water from hydathodes of maize, 
ts and timothy is nearly neutral when the water is exuded h}" \'oung 
Tiie acidity increases as the plants become older, until a maxi- 
iiin Is obtained. 

CONCLUSION 

brolu the data presented it seems logical to conclude that the water 
m li\'(lathodes of plants contains both inorganic and organic materials, 
id that it is a good medium for the growth of certain soil organisms. 
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APPARATUS AND TECHNIQUE FOR THE 

p^kVtkometric determination of hydrogen ion 
(’ONciu^*tration in milk and other biological 

liQlTD^S 


Fkank E. Rice and Arthur J. Rider 

V irmit variety of forms of apparatus liave been recommended for 
[, (leTtTiuination of hydrogen ion (H+) concentration. Many of these 
more elaborate than is necessary for ordinary purposes, and the 
f.irohuvs recommended for making the measurement are often ren- 
,>ivt tedious with unimportant precautions. This is due j)artly to the 
(,'T ilair Ihe infiiienee of variou-s factors on the accuracy and speed of 
y ilfTcriiiination have not generally been known, A^ry few systematic 
lies ever having been made from that i:)oint of vioAV. 

'i.f purposes of convenience the apparatus for determining con- 
rnitioii can be considered essentially as of tAvo parts. One includes 
^^and(ird cell, galvanometer, slide Avire resistance, source of current, 

1 'aW wiring connections. This part of the potentiometer system is 
riy well standardiml, and the forms offered by the various manu- 
!:in-rs differ only in slight details. The a.ssemblage and manipulation 
‘ills part of the system is so simple that there is j)racti(!ally no chance 
^irnr. Tlic other part of the equipment, however — the glass parts, 
filling the calomel cell, the hydi'ogen electrode cell, and the con- 
.'Udiis — is very much more sensiti\'e. It is Inu’c tliat manipulation 
'Mnmudy im])orlant. AVhile the potentiometer system has been in 
use for a long time, it is only comparatively recently that it 

v<uy widely used for the measurement of II r concentration; 

it''''[m‘nily. it is the electrode vessels and appurtenances AA’liich are 
Mftiidardized and upon Avhieh less com]mrativc Avork has been done, 
tile writers started ID concentration Avork, a nnmber of forms 
i 'il'l'iiNitiis Avere procured and tlio procedures reiuunmended by 
invcstigator.s Avere tried. So much difficulty Avas found, and, 
whole, such poor resnlts Avere obtained, that it Avas concluded a 
stiirly shonld be made of the various recommendations of pre- 
i' investigators as to apparatus and means of measuring lU eon- 
lUitiou. flradiially the apparatus and the procedure described in 
; l’'iper were eA^olved, and they have for some time proved satis- 
ill the hands of many operators. 

PURIFICATION OF THE MATERIALS 

method suggested by Moseley and Myers (1918) was generally 

[ ■ .,^1’ prt'paration of pure Avater, Mercury AA*as purified by 
" several times. The method used for preparing 

was that recommended by Clark and Liibs (191(1). The 
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product was preserved in a dark place and kept covered with u.l x Ki; 
The purest KCl obtainable was recrystallized several times ir,,. 

As a plentiful supply of hydrogen gas is necessary parti.-iilarlj- e 
the apparatus here to be described, it was found best to iiiMk,. u,,,, 
cvlinders containing the gas compressed, Ao doubt the pnniy e 
o-.,s will vary with the metliod of its original nianufactiire. 
tolar consignment which was used in this experimental iverk 
found to be good; identical results were obtained whether 
ias was washed before it reached the hydrogen electrode vessel. Il„-, 
ever washing the gas is very simple, and it is probab y wisv 
take the precaution. In this work the gas was passed rom the ryh.:, 
throimh .succcs.sive wash bottles containing, respectively, alhiiliiie evr 
trallor dilute sulfuric acid, mercuric chloride solulion, and wiiUt. . 
Lally through a calcium chloride tube containing dry eotlon. 


THE CAT.OMEL CELT. 

The essentials of the calomel cell are: a wire in contact iviib if 
increurv layer, leading outside ; above the mercury, a standan. hi 
totL which is saturated with HgCl; then aii arrangemciU inu:,; 
a ^phon tube, to make contact between the KCl-HgCl .sohitwii a.; 

the remainder of the chain. * i T^ri , ^ 

Cells containing normal, tenth normal, and saturated Ivll aii' .. 
common use. The tenth normal electrode is perhaps eiiiplojn iii's 
generally ■ for one reason, among others, because the potential diatv 
fess with temperature. That electrode is the one used in tins , ua 
The form of the vessel for the calomel electrode is nmmpB u ■ 
Most of those that are on the market are suitable, though it iias b" > 
desirable to have a stopcock in the siphon tube such as is ^ 

the Clark calomel cell. The cell should be closed, in order toiiu' i- 
tn^eto concentration of KCl which might result from evapor.. 

The Clark cell and the Kelly cell obtained from .«*e maii^ o ^ 
were tested, together with a cell which \ 

The last-named is illustrated in figure 1(A) f ™fobtaimBi« 
tion and was found to give results comparable t ■ - 1 

the other two cells. In preparing this cell, 
wire is soldered to the end of copper wire. Ihis s ll m 
glass tube until the platinum protrudes at * stopper «' 

sealed in a flame. The tube is supported by 1 

wide-mouth bottle of from 100 to 200 cubic .kit 

the apparatus used in this work, a and i were gla.^ 1 1 

was a rubber connection with a spring pmchcock; brd > . 

.sible at all these points to use rubber connections wit 
In preparing the calomel cell, the ( ill 

dried. Mercury is placed in the bottom so that the ^ 

A paste is made up of the purified calomel with a 
moistened with 0.1 N KCl solution. This is run in oi 
until there is a layer about five millimeters thick. 
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\ KCl solution which has been previously saturated with calomel 
n? must be taken throughout this operation that the rnermiry layer 
]iut disturbed, so that no drop of moisture will be left between the 
liimiii wire and the mercury. A good contact at this point is neces- 

•y. 

Hie cell should not be used for about two days after preparing, in 
I'T' to give opportunity for equilibrium to become established. 

Tilt' U[)per |)art of the vessel and the siphon tube should be occasion- 
y liiished out. fresh KOI solution pre\ ioiisly saturated with calomel 
bi? vised. This is to prevent the interior of the cell from becoming 
nT;eiiiiiated through diifusioii from the outside. It may be accom- 
idiol by tilling at a and opening b and c for drainage. 

Tl].' sTnpcocdv I) at the siphon tube is ungreased and is kept closed 
rejidings. This will prevent movement of the liquid through 
IhiDiino: jjetion, and also lessen the chance of contamination through 
iibe from the outside, At the same time, sufficient contact is made 
the liquid film standing around the stopcock for a free flow 
'•U’ic evirrent. 


THE HYDROGEN ELECTRODE 

iiydvGgpn electrode consists of a sheet of metal, coated uniformly 
q'oiigy platinum, palladium, or iridium, which is suitable for 
ps at its surface. Some workers have used glass 
- Ml. by a special process, platinum is deposited, 
ifi^bccn recommended by some investigators for the preparation 
stated that with this metal a perfect saturation 
' Teadily obtained, and, as a result, equilibrium 

ffiia'kly. Both gold and platinum were tried in this work, 
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but the latter was found the more satisfaetory. Two gold 
platinum electrodes were platinized similarly and H+ comieniraiif,*' 
measurements made in 0.001 N IlCl. Readings were taken irom 
to time until equilibrium was reached. Fourteen dcterminationi^ 
made "with gold electrodes, and the average time required to 
equilibrium was found to be 12.5 minutes. Oh the saiui- soliuioi. 
twenty-four determinations were made with platinum electrodes, wiij 
an average time to reach equilibrium of 7.3 minutes. It is seen 
equilibrium was reached less rapidly by the use of gold electrodes tl-jo 
with platinum. The former has the disadvantage also that af[iiarr>ii 
cannot be used in cleaning. This reagent is particularly effic-ient d. 
cleaning platinum black from electrodes. For these reasons tJif ft.,;,], 
electrodes were not used in this work, but platinum was used 
sively. 

The electrodes are, prtq:iared as follows; A piece of platiinmi foii 
cut, about 1 to 2 centimeters square. Flatiiiuni wire is welded to i 
foil by laying the wire and the foil in position on a block of Alkt- 
Stone or any .stone that can conduct the heat away but slowly. A v.; 
small flame from a blast lamp is directed at the point to he weldnlsi 
when the platinum is at red heat a sharp blo'w Avith a light hamiiM’ 
sufficient to make the union. The platinum Avirc should be froirif! 

15 centimeters in length, or an economy may be effected by usiiii; 
piece of rvire from 2 to 3 centimeters long and soldering to this a ]'>; 
of copper wure. The wire is then pushed into a glass tube so tkit nd 
platinum protrudes at the foil end, and this end is sealed in a gas 

The surface of the platinum is cleaned by immersing it in aqua h: 
or cliromic-acid mixture and then rinsing it with Avater. Platimim Iibd: 
deposited on the foil by making it cathode in a 3-per cent solininii 
chlorplatinie acid containing a trace of lead acetate '-the lead 
causing the platinum black film to adhere better than it avouKI '‘ii'’ 
Avise. Somewhat better results Avere noted when at intervals tk' k:-’' 
tion of the current was reverse<l, thus having the foil as aiK>'k 
this Avay tAvo electrodes can be platinized together. 

When the surface of the platinum appears to be avcU ooverol''' 
platinum black, it is removed from the solution and Avaslied. 

The size and shape of the platinum foil haA'e been fomid H"' 
influence the results, with one exception. An electrode consistiii.f'J 
of a small piece of platinum Avire protruding from the support. 
to that described by Bovie (1915), at times gave results at viipt-' 
AAuth those from electrodes of larger surface exposure. Thoir i> 
particular advantage in using the larger electrodes, in that, boea'> 
the size, the cell offers less resistance to the passage of current. 

Avhole apparatus is in consequence more sensitive. . , 

Electrodes should not be alloAved to become dry after 
use, but should be kept immersed in water or Aveak sulfuric acu 

Electrodes that haA^e been used in fluids containing fats 
soon become useless. In some cases they can be regeneriitcd 
in chromic-acid cleaning mixture, though frequently it k 
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^ie<ia tlJ' entirely and replatinize. Washing in warm aqua regia will 
remove 'Jjc platinum black coating, after which the electrodes are ready 

j,r preliminary work some use was made of the electrode vessel 
<>>i£ni'(l by Clark (1915) and electrodes of the type suggested by 
lildebrand (1913). A modification of the Hildebrand electrode was 
Iso prepared, with the tube supporting the platinum foil made to slide 
;i» and down in the outer shell. It was then possible to adjust the 
lodrion of the foil so that there would be a maximum exposure of the 
oil to both the hydrogen gas and the solution. 

It lias been found in this work that it is very desirable to make read- 
,v:s from time to time for the calculation of the fl+ concentration, in 
.nlrr to be certain that the equilibrium point has been reached. The 
iiiie required for obtaining equilibrium varies with the type of solution, 
and in some eases is very long. With the Clark vessel it is impossible 
[f> jiulge. cxcoi)t by making a number of separate determinations, when 
tilt' efinilihrium point is reached, since after one reading is made it is 
pHf^ssary to empty the apparatus and begin again. This is the chief 
4ii('(qion to this cell. 

In using electrodes of the Hildebrand tyjie it was found that ecpii- 
ilii’ium was reached extremely slowly; in some samples of milk, 
iiiliiilijig hydrogen through the liquid as long as forty five minutes wms 
^■(Vssary before a constant reading could be obtained. This was 
K-lirvhl fo bo due to the fact that with this type of electrode tin* sur- 
nf the liquid is in contact. Avith air. Any type of electrode A^essel 
jrlii)-]! is so enclosed as to maintain an atmosphere of hydrogen over 
li)|iud Avonld eliminate this objection. 

FACTORS INFLUENCING THE RAPIDITY WITH WHICH EQUILIBRIUM 
IN READINGS GAN BE REACHED 

fiti’ literature on ID concentration determinations, and also labora- 
rv !‘xp(U’iencc, emphasize the desirability of finding an apparatus and 
nitqhod whiidi will bring about certain equilibrium with the least pos- 
‘lelay. Some investigators have reported that even several days 
necessary at times for obtaining constant results. Tlie most 
il“>naiit points in this regard relate to the hydrogen electrodes and 
flesijm of the vessel. The ea.lomcl electrode, from a few days after 
jl'fsnition, remains constant for months. In some cases, after equi- 
•Gimi has been reached a slight drift in potential is noticed, ivhich 
due to diffusion at the surfaces between the solutions of different 
^l^ntrations in the chain ; but this can be counteracted by providing 
Mirfaees each time a reading is to be taken, and finishing each 
'iMiremejit as rapidly as possible. The only other cause for variation 
P^tf-ntials pertains to the hydrogen electrode and the liquid bathing 
rf'ti obtained at this point until time has been 

j owing general conditions to be reached: pure hydrogen 

•cusnviv must be adsorbed on the surface of the spongy platinum; 
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all foreign gases, especially oxygen, must be SAvept out of ii,e ’li,|i,i,] 
or reducll by the hydrogen at the surface of the platinum; .v,.i,stanm 
capable of taking up hydrogen must be saturated with it; nine m,! 
L given for diffusion of the liquid into the pores of the spongy ac,ai 
A preliminary study was made of these factors by employing Hill, 
brand electrodes in various ways. Bach condition and iiieiWd oi 
manipulation which was thought to affect the time of reading ep. 
UteiiL was taken np, with the end in view of finding those wliu.lnv.iuH 
reduce the time to a minimum. The results are given in the folknnt 
paragraphs. 

Effect of depositing hydrogen on ihe platinized platinim foil 
by electrolysis 

Loomis and Acree (1911) suggested placing the electrodes in a 
2 per cent H SO, solution and making them cathode in a oirfiin, !j 
this wav hydrogen is liberated at the platinum black surface and s 
considerable adsorption of the gas takes place with the result ib; 
less time is necessary for saturation of the electrode later, when ,t n 
immersed in the solution, and correspondingly less time shotild be «■ 
sumed in reaching equilibrium of readings. 

On determining the hydrogen ion concentration of 0.001 MIU 
four determinations were made, electrodes that had had lyd«r 
plated out on them, as just described, being used Five, six tea.aac 
fifteen minutes, respectively, were required to obtain eqmhbrnim ii 
readings Pour determinations with electrodes not so treated rer|.iira 
twenty, twenty, forty, and forty minutes, respectively. 

Effect of passing gaseous hydrogen over the eledroik 

Robertson (1907) recommended that in preparation 
electrodes they be immersed in water, and hydrogen gas iv 
them for some time. n ,|^ 

In some measurements which were made on ^-OOl ■ ^ 

electrodes were prepared in exactly the same 
were, treated by immersion m this solution and bubbli c- . . 

them for a considerable period of time. An average 'f' 
tions -wlieii the electrodes were not so treated, showe 
was reciiured to reach equilibrium, and the avera^re of Uu 
tions for those treated was 5.2 minutes. • . i in vpjidh! 

These experiments show distinctly that the time reqiur i i 
equilibrium of readings is due partly to the ’ j. ssveii 

electrode itself is saturated with hydrogen, and that tin 
they are given these preliminary treatments. 

Effect of previmisly saturating the solution wt>th 

As was pointed out by Konikoff (1913), oxygen 
stances in the solution are detrimental to the measure 
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.nti-iitiou iiecaiise of a reducing action taking place at the surface of 
Also, the presence of any gas other than hydrogen lowers 
letmh'Og' n pressure, and as a result an incorrect potential is observed, 
etause (>i’ Lliis, it is important that any foreign gases be swept out 
3 , 1 * that aay oxidizing siil)stances be reduced, before accurate results 
ill be obtained. 

1,3 making sixteen determinations on 0.001 N HCl, in half of which 
samples had been previously treated by bubbling hydrogen gas 
irmisrh thciu, it was found that on the a^'e^agc 6.3 minutes was rcfiuired 
the samples which had been so .saturated and 15 minutes was 

| ‘t!ureil h3r those which had not, all other conditions of the deter- 
nalions being the same. 

]t is here seen that not only is saturation of the electrode necessary 
fore equilibrium can be reached, hut also saturation of the solution 
til hydrogen. 

Efjfd of expodng the electrode alternately to the atmosphere 
of hydrogen and to the liquid 

X has been suggested by Clark (1915) that in order to reach equi- 
’iiiin rapidly the 11+ cell should be so built that the entire electrode 
hailiod alternately with hydrogen gas and with liquid. This has 
n made a spc(ual point also in the construction of the Bunker (1920) 
[■inide, 

ji experimenting with the Hildebrand electrode and 0.001 N HCl, 
rty-fwo determinations were made in which the electrode, was raised 
hm\ into the hydrogen and lowered into the liquid alternately until 
liiiliriiim was reached; it was found that, as an average, 8.4 minutes 
s required for equilibrium. Thirty-two detenninations xvere made 
« virh siinilar electrodes without attempting to regulate the rise and 
liquid over the electrode. In some of these eases the time 
lor equilibrium w'^as less than the above-named average; liow- 
average of all determinations xvas 12,3 minutes, 

■ i" that a definite advantage is gained by so handling the Hilde- 
mmrode that it is bathed alternately with liquid and gas. In 
^ the electrodes designed to accomplish this result, a mechanical 
'01-^ fir rocking device is used. However, it is believed that the 
' u>MLf obtained much more easily bv admitting a rapid 

ril’l hydrogen into the liquid immediately below the electrodes. 

hydrogen electrode vessel eventually pre- 
iiiifr •• a which is described later. Similar results are 

' \'itn the electrode • vessel designed by Loomis and xVeree 

^ Effect of shaking the electrode vessel 

equipped wuth shaking devices has been 
■Papiil believed that as a result of shaking there is a 

|‘;t-hfmge between the solution, the gaseous hydrogen, and 
• ■'''() that any molecular or combined oxygen in the solu- 
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tion is more quickly brought into contact with the elei-’-odf. .. 
reduced. ' 

Throughout the course of these experiments it has hei;!\ obsen- 
that it is of decided advantage to keep the liquid in vigorous ' 
either by shaking the electrode vessel or by the rapid Itiibbiij/^' 
hydrogen through the solution. So far as could be seen, 
these methods has any particular advantage over the other in estal^Jj^ 
ing equilibrium rapidly. Since a mechanical device is neeessarv'^ 
shaking of the electrode vessel is to be a part of the procedure. jt\j 
omitted in the apparatus which was finally adopted, and a^dtation ira 
brought about by a very rapid bubbling of hydrogen gas enteri?)!* •> 
the bottom of the liquid. 

AN IMPROVED HYDROGEN ELECTRODE CELTj 

Individual hydrogen electrodes occasionally give incorrect resiih; 
sometimes through intimate adsorption of impurities, commonly caiUJ 
poisoning. Also, particularly after being used in biological Ikiuirk ib 
surfaces may become coated wdth fats, proteins, or other orgajiir > 55 ] 
stances, so that abnormal voltages are yielded. It is therefore denrsl 
to use more than one electrode as a check on results. 

In the cell eventually assembled for use in this laboratory, it kp' 
sible to include as many as six electrodes, and merely by switcliins: fro 
one to another, readings can be taken on all without delay. 

This cell (figure 1, D) consists of a glass cylinder about 7 cpiitiiii'p': 
in diameter and 10 centimeters deep, fitted with a rubber 
through which are holes admitting the electrodes {e and ('L a tfei 
mometer (/), a hydrogen inlet tube {g), a hydrogen outlet tiilio !' 
and a siphon tube (C) connecting the body of the liquid vitli 
reservoir {B), which in turn is in contact with the liquid in tk caloin! 
electrode vessel. 1 

The hydrogen inlet tube terminates in a horizontal riiic riiii-M 
perforated to give a large number of openings so as to distrituu^l 
flow of hydrogen through the body of the liquid. Thus a uipkl a 
complete saturation of both liquid and electrodes is effeeded. 

The hydrogen outlet tube may dip into a reservoir of vati*!’ ^ 
thus acting as a water seal and securing an atmosphere of liydro?^ 
throughout the interior of the cell by preventing an aecess of 
However, as long as the hydrogen is flowing freely there i^ uo ‘'Pf 
tunitj for the entrance of air, and the use of the water seal 
necessary. 


AssemMing the apparaius 

Making contact between ike mercury and the hydrogen decirod*^ 

Calomel cells and hydrogen electrode cells must be ® 

of a solution which is highly conducting, since for 
tivity there should he offered no more resistance than is ‘ 
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, of the current. A saturated solution of KOI i.s ordinarily 
iplcycl. and that was used in this work. The siphon tube C was 
l,.,i witli this solution, and the reservoir B with 0.1 N KOI The 
c i.s of about five millimeters internal diameter and is pluRffod at 
ends vith small rolls of filter paper, which jirevent a loss of the 
,„i,| ivln-n tlie tube is raised, and also lessen diffusion. This tube 
„„ld ,i,,t fit so tightly in the rubber .stopper but that it can be raised 
.1 lowered easily. 

This assemblage is designed to reduce contact potential to a minimum 
,„.li IS a possible source of error depending on the fact tliat a 
t,.,itial IS set iiij between two liquid.s of dissimilar concentration at 
■ir Jiiiictiiro. For example, an electromotive force is set un between 

■ saturali'd KCI and 0.1 X KCl solutions, and also, on the other side 
the Cham between saturated KCl and the liquid in the hvdroe-en' 
I. Of extremely accurate work this is taken into account and cal- 
.ate, by he cla.ssic method of Bjerrum (1905). However, it has been 
aid by the same investigator that this source of error is rediiccd'to 

van, Sim, g point by the use of saturated KCl as previously described 

■ he Terences 0 potential at the liquid .iunctious at the two ends 
Ilie saturated K(,l solution are about the same. Sinee the potential 
swiiccs are in opposite directions, they tend to eijiialize each other. 

■'.(qhdvuiml shielding of the apparatm 

l-hru. were periods during the investigation when it seemed impos- 
k 0 oh am results ol any regularity, this diflieiilty seeming to come 
'■•. in (lamp ^^eath(^r. On the assumption that the trouble was clue 
t o; (leerrie currents, the suggestions of White 11911) were fol 
'■ 0 insure protection against any such effects. The desk ton was 
T'll iiith a large sheet of aluminum. Then under each niew of 

S^rl^ctTlb iXimeTw^f 

I the whole sest ^ i””*^ except through the proper eonneetions, 

from Strav ■ ^ rested upon an eqiiipotential base which shielded 

•Vs a pieeautioii, shielding should never he omitted. 

•Votm,, t/ic determination of hydrogen ion eoncenfration 

about Jit ’k '’ Ite adjusted so 

'’f 'lie siphortu^c r T inspection should be 

''''itrpomXmetTr^'^T^ "’““"‘■■V and the platinum 

‘iiange from one bvd’ switches makes convenient 

'•'"'^itaTneS 
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The siphon tube C should be raised except while the 
being made. After a few minutes the first readings are taken, 
ings are continued from time to time, first with one electrode tiRd jj!' 
with the other, until there is no longer any change. Tht* 
need not be shut off while the measurements are being made. 
at which equilibrium is reached depends upon many things, ininkuhr! 
the nature of the sample. With milk, twenty minutes is snffici,.n! 
though it is possible that there are other biological liquids which rerjuij 
a longer time. 

Generally, no trouble w'as experienced from frothing, cither ^vitl 
raw" milk or wuth milk reconstituted from evaporated ajicl conduit, 
milk. Powdered milk from a large number of manufactiirers wa" 
studied, and in but one instance was any difficulty experienced in tiiii 
regard, and it was not then impossible to obtain results. It niav li. 
noted that the use of octyl alcohol has been found satisfactory h 
Schmidt (1916) on such occasions. 

In addition to being able to check hydrogen electrodes one agaiM 
other, it is also nearly as desirable to have results from more than 
calomel cell. Any number of calomel cells can be prepared, twn 
more can at the same time dip into reservoir B, and readings ea]] 
taken from all for comparison. 

Readings are made on the potentiometer in volts or millivolts. ; 
it remains then to calculate H+ concentration from these ivsti 
Tables given by Schmidt and Hoagland (1919) were made use nf 
this work. 


Corredion for temperature 

klost methods of calculation and tables are designed for measureife; 
to be made at 25° 0. Many investigators enclose the apparatus in 
air bath or a bath of liquid, and thus hold the temperature constiiii! 
25° or any other point desired. Tlic use of constant-temperature m 
adds a considerable expense and trouble to the manipulation, fiul' 
immersion of the whole apparatus in a liquid is liable to cause err-' 
through current leakages. On the other hand, it has been found in n 
work that the temperature correction methods suggested by Sdinif 
and Hoagland do not give good results. 

The method which was finally adopted and w^hich yielded snrid’in-'H 
results was to hold at 25° C. only the sample on whi(di the 
centration measurement is to he made. This can easily be (bw ^ 
immersing the hydrogen electrode vessel in a w^ater bath, by 
the thermometer wffiich dips into the sample, the temperature ' 
sample can be brought to the desired point. , . 

While the hydrogen electrode is very sensitive to a 
single degree of temperature, the potential of the ealom(d j 

but little with small variations, and it was believed J 

maintain it at a constant temperature. However, it is best rotjo 
the temperature of the calomel cell to vary too wddely Irom -• 
room should be not below 20° 0. 
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determinations of having electrodes WHOLT.Y or FAHT’EY 
IMMERSED IN THE LIQUID 

i liirk (1916) make a point of the fact that readings were 

witli tlie electrode wholly immersed in the liquid. I^IeC tendon and 
l^rp (1919) state: ‘‘If the solution to be tested is sufficiently viscous 
)'>uppoi’t a layer of the solution on the platinized electrode (as in the 
L (if hJeod plasma) , it is not necessary to take the reading with the 
^trnle totally immersed. ’’ 

ime experiments were made on milk, measuring the potential with 
elfcirodes wholly immersed and with the electrodes only half 
ii,.rst'(l. find it was found that if the electrodes xvere small — less than 
iiit one centimeter square — there was generally a difference of from 
in 3 millivolts, the electrodes wholly immersed giving the higher 
hies. With veiy large electrodes no differences were noted. At 
ivt one square centimeter of foil should be immersed in the liquid at 
. time of making the reading. 

It will be remembered that in the manipulation of the H+ apparatus 
vvioiislv described, it is recommended that the readings he taken with 
je full flow of hydrogen passing through. Even though the electrodes 
only about half submerged when the liquid is at rest, the continual 
blinV of the gas passing through the liquid below the electrodes 
[K tile entire surface of the foil well covered, and the same effect 
ln'Otlueed as though the entire electrodes were really beneath the 
face. 

RESULTS OBTAINED WITH THE USE OF THE HYDROGEN EI.ECTRODE 
EQUIPMENT HERE DESCRIBED 

On standard huffer solution 

ilutions of known H+ coneentration are often used in checking the 
ivior of 11+ concentration apparatus. A standard solution of acid 
i^sinm plithalate was made up according to Clark and Lubs (1916), 
-hlias a P(H) value of 6.711, The folbiwdng results were obtained 
I ^ix hydrogen electrodes, running two at a time, five determinations 
ig made with each pair : 


Determinaliou | 

i 

Electrode 

No. 1 j 

No. 2 1 

No. 3 

! No. 4 

No. 5 

No. 6 


6.696 
6.707 1 
6.712 1 
6.712 i 
6,717 I 

6,696 i 
6.707 ' 
6.712 
6.712 
6.717 

' 6 708 

6 708 

6 708 

6.708 


6 704 

6 704 

6 704 

1 6 704 


6 702 

6 702 

6.722 1 

6.722 


6 708 

6 708 

' 6 698 

6 698 


6.710 

6.710 ^ 

6.713 ' 

6.713 


.... 

6.709 

6.709 

6.706 

6.706 

6.709 

6.709 

. 


‘ifltHined by the use of the apparatus here described, 
^ ^ar)[!T-/ins (1) between different electrodes, (2) in making 
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different determinations on the same solution, and (3) between rti,. j. 
values and those obtained by the apparatus. ' *“• 

On samples of raw milk and manufoctured milk reconst if 
with water 

Determinations totaling 459 were made on samples of raw 
on evaporated and powdered milk reconstituted with water actor,].^^ 
to the manufacturers' directions. In each determination, readia^s 
taken using hydrogen electrodes in pairs. In 444 cases identicafvesuh 
were obtained with the two electrodes. In the remaining 1.*) 
differences varied from 0.0004 to 0.0010 volt, w^hich represented a \m- ' 
tion in PCII) value of about 0.007 to 0.017. The samples ranged hoJ 
6.543 to 7.022. 

EFFECT OF CARBON mONIDE UPON JIYDROGEN ION CONCENTRATIoX 

As has been poiuted out by Clark (1920), in solutions with P H 
values above 5 the presence of carbon dioxide become.s of mote tiw. 
more importance. In the determination of H+ eoncenlration byiiM-fi! 
the apparatus here described, this gas would of course be driven oin fij 
solution. If carbon dioxide is present in a nearly neutral iifiuiit 
it is desired to measure acidity due to all factors including tlii^; aua 
the case of blood, mineral water, and so on), then the appai'fitii'; 
described should not be used. Under such conditions an olf.-ndj 
vessel of the closed type should he em})loyed. 

Except in a few cases such as in blood studies, liowevor. car 
dioxide is not a part of the intricate physical chemical arrangciiH'iit 
the various soluble constituents which are important in i)]iysidic 
investigations. A soil solution, for instance, with a low PiIU va 
due to carbon dioxide, might he an extremely fertile soil, since i-rI’’ 
dioxide has a highly solvent action on the mineral matter in soil; 
the other hand, an equally low P(n) value due to some 
acid might be extremely detrimental. Carbon dioxide is jnv>u)i 
considerable quantity in freshly drawn milk, and it perhaps inlinci!' 
the H+ concentration slightly. However, acidity due to this c* 
not be of any importance in manufacturing operations, since ils-'J 
would soon be driven out, nor is it likely to be worthy of ennsi'.lci’R'- 
in market milk. Also, in any purely scientific investigation d j®, 
wherein ID concentration determinations are studied, whatever 
effect the presence of tiiis ga>s may have should be disregaulecl. ^ 

The apparatus for 11+ concentration determination here 
is therefore recommended for experimentation on all biological ‘Uj 
except in those few cases in which carbon dioxide is of prime 
as such. 

HYDROGEN ION CONCENTRATION DETERMINATION WHEN THE tUU 
AMOUNT OP SAMPLE IS SMALL 

There are occasions in biological work when only a 
sample can be obtained. In such cases it is necessary to ose a . 
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TRATION" 


lo 


,..ll of small dimensions. While cells used in this work con 
„„1 as amny as six hydrogen electrodes, and all parts were of liberal 
by which means it was believed that the most nearly accT 
,, re,s,.hs ,.,ould be obtained, it would be possible to reduce ti slL 
,,K|eniblr m every way and use only one or two hydrogen electrodes 

careful manipulation of such an apparatus entirely reliable results 
1 lx* obtained. icisuns 

.ID.irrATION OP THE APPARATUS POB EI.ECTRO-TITRATION 
icKT^Iy ill electro-titration, results of any consiilerable degree of 
■uracy are not obtained Vessels are used which are open to ?he air 
:l,he designs are such that a satisfactory saturation of the hydro" n 
i-Trode cannot be carried out. 

Jy merely providing another hole in the stopper of the apparatiis 

y used a, id the introduction of a burette, electro-titrationfcmn be 

Oily 1.1 de, .Since the hydrogen gas is admitted rapidly at the tier 
orsof the liquid, there is sufficient agitation so that ii is not nels 
y to provide a mechanical stirrer. neces- 

SUMMAKY 

111 investigation has been made of the influence exerted by certain 
■iiuious 111 procedure upon the speed and accuracy of the detenu no 
1 et TV concentration. With the knowledge thus o-ained "n 
.anitus has been designed which is simple of construction and eatv 
1 rapul ot manipidation. 

■Ip ai.panitns k designed so that several hydrogen electrodes can 
ducked agaimst one another, a.s well as eomparisons made between 

■tfMitraii l '™ u’ introduction of a burette 

~ -:.,x xs evr-pt 

j references cited 

ki^du'n z\vei%prdn!^^ Elimination cles Diffusionspotentials 

Fi- bmiAunrierter rvu .™ Losungen durch Einsehalten 

'i 90,5 i^liloi’kahimilosung. Ztsclir. physikal. Cliem. 
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B<t:RVA'riONS ON THE LIFE HISTORY OF TAPHROCERUS 
GRACILIS (SAY) ‘ 

(BEETLE. FAMILY BUPRESTIDAE) 

Royal N. Chapman 

The bulrush leaf miner, Taphrocerus gracilis (Say) (Say, 1825), belongs 
5 tbt minority of the family of metallic wood-boring beetles, Buprestidae, 
\\d\ niine in the leaves of plants. The eggs and the larvae have not been 
^(-rihed in literature heretofore, and the life history has never been 
ililit^hed. So far as is known, this beetle is unique among the Bupresti- 
iT ill that it emerges and feeds for a month or two before it hibernates 
the adult stage. 

This species is abundant in the vicinity of the Cornell Biological Field 
^iiiori, and it was here that the present study was begun under the 
^(■tion of Dr. James G. Needham. 

DESCRIPTIONS OF STAGES 

The adult beetles 

1 C adult beetles are shown in Plate II, 3 and 4. They vary in length 
II to 4.7 millimeters. A large number of specimens from Okefenokee 
lip, Georgia, are uniformly small, measuring only about 8 millimeters 
tjgtli. Those from central New York and southern Minnesota are 
'iioral uniformly large, altho a few specimens have been taken wliich 
icarly as small as those from Georgia. 

:x’ beetles are flattened in form, and the general contour is smooth, 
r have grooves into which the appendages fit when retracted, and these 
!=Q formed that when the legs and the antennae are retracted into 
II the ventral surface of the body is hardly less smooth of contour 
1 the dorsal surface. The antennae fit into grooves which extend 
ro-ventrad along the sides of the head and the prothorax. The pre- 
acic legs fold with the tibiae anterior to the femora, while the other legs 
^vith the tibiae posterior to the femora. The tarsae fit snugly into 
>ves about the coxae. 

The egg 

beetle (Plate T, 1) is oval in outline and measures 0.067 
w miilimeters- When first deposited, it appears fluid-like and trans- 
‘ In a lew minutes it becomes whitish, and after the lapse of a 
ourb It ig shiny black. When deposited, it flattens out on the leaf 
margins extremely thin and the center 
^ ^i^fimneter in thickness. Around the margin of the egg there 
g "substance which adheres so closely to the leaf that some 

iseviff^T is often torn away when the egg is removed, 

centiy a mucilaginous substance secreted by the female to serve 

“’‘on from tht Entomological Laboratory of Cornel) University. , 

3 
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the purpose of gluing the egg to the leaf. The egg membraDos 
attached to the leaves thruout the season, and even in the fall mav l 
found adhering to the deserted blotch mines. 

The larva 

The larva varies so greatly, from the first instar to the last, that irj 
at first difficult to recognize it as the same species in the different 
When the larva is first hatched (Plate 1, 2), the prothorax, into which ih 
head is retracted, is very broad in proportion to the rather islendj., 
abdomen, and the general appearance is like that of the buprestid ]ana< 
which buiTow in the wood (Burke, 1917). At each side of the head.^ 
small, clublike appendage projects from the pro thorax. These tippcD^l 
ages are enlarged at their distal ends and are covered with a verv thio 
spinous layer of chitin. The larva is able to retract the appenda^cv to 
some extent, and seems to use them while feeding, as is described laiei. 

The size of the head, as determined by measuring to the outer margiis 
of the longitudinal apodemes (Plate I, 2), has been found to he unifoni^ 
within each instar. The head of the first instar measures 0.01 jnilliM* 
and that of the second instar 0.14 millimeter. 

In addition to its larger size, the larva of the second instar (Plate LJ 
differs from that of the first in the smaller proportionate size of tlic pir^ 
thorax, a difference which is due to the relatively smaller head which hk 
completely retracted into the prothorax. Wliereas the prothorax at ila 
beginning of the first instar is approximately twice the width of the iTiiuir-j 
ing segments of the body, which are all of about uniform width, \\w\m 
of the second-in star larva gradually tapers from the rather broad protliora 
to the terminal, or tenth, abdominal segment, which is the narrowest ‘ 
the series. A rectangular chitinous shield is developed on the median 
of both the dorsal and the ventral side of the prothorax. 

Even within each instar there is a n{)ti(!eable difference with reprdi 
the retraction of the head. During the first part of each instar, tlipte 
is larger in proportion to the remainder of the body, and is usually 
retractile; but later, after the body has g:rown, the head is pioporiionaif!! 
smaller and somewhat less retractile, 

The larva of the third instar (Plate I, 4) differs from tiic seconding 
in size, the head measurement being 0.217 millimeter. On the ventral 
of the ninth and tenth abdominal segments there appears a pair oO 
mentaiy prolegs, so closely associated with each other that they 
almost as one. In the second instar these are so small that theirpff^ 
is detected with difficulty, while in the third instar they may be? 
distinctly with the aid of a lens, or even with the naked eye if 
is attempting to crawl about, , ^ 

Thus the three instars of this larva exhibit successive stagf^J 
modification of the whole body, especially in the head and the ^ 
The first instar retains the typical condition of the bupre.'^tid 
the relatively large head retracted into the prothorax; whil^ wf ^ 
following instars exhibits a modification of the relative size of 
and the prothorax, until, in the third instar, the mature larva ^ 
have lost the characteristics of the wood-boring Bupreslidae. 
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The pupa 

The pupa resembles the adult in form and shape, but, unlike the pupae 
wood-boring buprestids that have been examined, it is encased in 
iar(l rhitiu. All the appendages are so closely appressed to the body that 
lie fhitinous covering is continuous over the whole surface, with only con- 
rexitics and depressions marking the position of the appendages. The pro- 
leg, lil^® others, is so folded that the tibia is posterior to the 
[eimif, which, as may be seen' from a comparison of the figures (Plate II, 
^aml'3), is quite different from the condition in the adult, in which the 
irothoracLC leg is folded anteriorly. 

The sexe.s may be distinguished, with the aid of a lens, by the terminal 
ilidominal segment of the pupa, which in the male is divided into three 
Migitudinal parts (Plate II, 1 and 2) . Also, the female is slightly larger 
hail the male, altho this character is not sufficiently pronounced to be 
!e|)eadable. 

LIFE HISTORY 


Oviposition 

fhe eggs are laid on the leaves of the flood-plain bulrush {Scirpus 
wHHs) from the middle of June until the middle of July. In the vicinity 
Ithaca, New York, in 1915 and 1916, the majority of the eggs were laid 
ween June 20 and July 10. 

Die female beetle selects the place for oviposition after careful inspec- 
n of the lower side of the leaves, sometimes spending six minutes or 
ire in walking back and forth from the tip to the base of a leaf. vSome- 
m the leaf examined seems to be entirely unsuited for oviposition, 
d the beetle will then go to another leaf or even to another plant. 
iUally the beetle soon finds a place that seems favorable, thrusts out 
(Ovipositor, and moves it back and forth like a paintbrush over the 
surface. From five to seven pellets of excrement are usually placed 
hhe egg during or inomediately after oviposition. These adhere to the 
1 st surface of the egg and may remain for several days. Three or four 
lutes is the usual length of time for the process of oviposition, altho 
bcun observed to take as long as five and one-half minutes. 

.‘=oon as one egg has been deposited, the beetle may go to another 
w to another plant and repeat the process. One female observed 
tipletcd ovipositing on one plant at 12.32 p.m. and began to oviposit 
another plant at 12.38. Just how many eggs one female is capable 
has not been ascertained, for it is very difficult to follow the 
^ beetles in their rapid flight amidst the vegetation. About noon on a 
sunny day was found to be the most favorable time to observe 

or five eggs have been found on a single leaf, but one 
Id ‘"average number. During August of 1915, scarcely a plant 
kaJ among the almost pure growth of jScfrpus fluviatilis at 

t of Lake, which did not have at least one egg on one or 

found anywhere from the tip to the 
^nd greater number slightly nearer the tip than the 

midway between the midrib and the margin of the leaf. 
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The eges assume a whitish appearance about ten minutes after ovi{)osi. 
tion and gradually turn black, until, after forty-eight hours, they are a 
SV Wacras prWlously stated. Owing to the crescentic shape ofth 
&Smbiyo, the eggs may appear to, be lightly Wy on nnea* 
tS on the other. Under ordinary conditions they hatch in about ta 

Emergence of the larva 

The larva emerges from the egg by eating its way thru the side adhe,. 

■ It nflqses directly into the leaf tissue without expo^iiijr 

Zl to tL exier^^ The facTthlt the egg is firmly attached to the li 
itself , f ]a.rva to obtain leverage as it eats thru the W 

e“im. sTSongitudin^^ veins of the leaf are just far enough 
!Tnw the flattened head and thorax of the larva to pass between then 
and perl ft to enter the parenchyma, where it is surrounded by,. 

^^SToursftakeKy the larva as it first begins to mine itsway .ta 
in tbe leaf seems to vary. It begins eating at once, forming a hlot.k 
mint whth gives the leaf a blistered appearance. Some lan^ae lx,:,« l. 
m ne toward the tip of the leaf, whUe others mine on the side toward ike 
mine towaru me h burrow assumes an area of three oi 

tinue until the larva has hatched on June B 

and thf larva made a mine two 

the base of the leaf the first day^, JnW the mine mcam 
miffimetere, the major millimeters of ih 

meters toward the trp of the leaf and 63 null meto^ 

The completed burrows were J^Yhrmidr^b to Ihc inMgi«« 

millimeters, and they usually extended f ^ j 

the leaf, often causing the eaf -drib Ind con^ 

found in which the larva had crossed the mid four lac* 

nn the other side. Others were found m which as m y i j] ib 
worWng in the same leaf, had united their mines into one, ami 

larvae had matured successfully. +:c«iip between the two 

In feeding, the larva devours all of the tissue betwe • 
the leaf epiirmis. Its body, including the Pro^orax- r^ ^^,,, 1 , 
while its head moves from side to side until all * j .„ng thf t» 

been eaten. Then the prothorax is 

layers of epidermis apart. From the new P^ion, toe P^ ,, s 
all the tissue within reach is repeated. ^ ^mall 
place and in moving it forward to a like oraia’I' 

of this part of the body seem to be used very much 

Tuiie'fd of each instar.the larva f dently toturns to 
of the mine to molt, for it is here that all of the casting 
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Vi Dunaf‘, arc to be found. The exact length of each instar has not been 
ll termi'necl. It seems probable that the instars vary, for larvae of the 
Tifercnt iiistars have been found at widely different times and in burrows 
'{ IciJgths. The length of the larval stage varies from about three 
? four or more weeks, and the greatest amount of the mining is done during 
the k«t three or four days of feeding, as is shown by the measurements 
L'n'iii a preceding paragraph. 

\\lieii the feeding has ceased, the larva measures seven or eight milli- 
tietrrs in length and appears rather plump. At this time it crawls to the 
ivtic spacious central part of the mine, where, surrounded by an a(!cumu- 
ation of dried pellets of excrement, it undergoes metamorphosis. 

The pupa 

The pupa as it first emerges from the larval skin, is soft and white. In the 
jiitse of a few hours, the outer covering becomes hard and brown. In the 
boratorv this was observed to take place within about twelve hours, and 
?l(l observations indicate that this is about the average length of time. 
;o motion has ever been observed in the pupa from shortly after the 
[lie that it emerged from the larval skin until the emergence of the adult. 
M(‘r laboratory conditions the pupal stage lasts ten days, which probably 
! a fair representation of the normal. 

In order to permit the emergence of the adult, the pupal skin breaks 
long the median line from the anterior margin of the prosternum, on the 
pntral .side, over the head and prothomx to the anterior margin of the 
Ksotergum, As the adult appendages are drawn out, the chitinous 
)veriiig of the pupa ruptures along the imprcs.sed lines which outline the 
ings and legs and the thoracic segments, making the emergence of the 
^'ilt less difficult. 

The adult beetle 

Vithin, a few days after emergence (which at Ithaca, New York, takes 
ce about the second week in August) , the adult beetles start feeding on 
tender top shoots of the flood-plain bulrush. On warm, sunny days 
y may be seen feeding on the edges of the leaves, cutting little notches 
ich are sometimes so deep that they (;ause the leaves to bend over. 
^ beetles fly veiy rapidly, but they seldom seem to have occasion to 
about; several beetles have been observed to remain feeding on the 
plant for more than two hours. Much of the time they walk about 
Rninmg the edges of the leaves, apparently to no purpose. 

They often continue to feed on warm autumn days even after the first 
fkl seriously injure the bulrush. At Ithaca in 1915 

’ beetles were abundant as late as October 14. In 1916, at the Univer- 
' J’l ^linnesota, two beetles remained on bulrushes in a cage until 
^ooer .i. 

hibernation of the beetles is as yet an unsolved problem. From 
wie of their disappearance from the leaves of the bulrush in the fall 
^ hey reappear on the new leaves in the spring, no trace of them has 
’ beetles have never been found in any 

' th- during the winter, together with the 
the areas on which Scirpus fluviatilis grows are completely 
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flooded very early in the spring, makes it seem very probablr* that t|i 
beetles migrate in the fall to higher land for the purpose of hibf'rnatiofi 

The number of beetles found after the period of frost in the fall, 
ally decreases until no more are to be found either on the plants or in t|i( 
debris covering the ground . After severe frosts beetles have l}ot‘n fonnj 
both in New York and in Minnesota, which were in a seini-dormani 
condition. These are always in the crevices of the leaf axils, and ivliei 
dislodged they fall to the ground, apparently too numb and helpbsK 
escape. 

Large quantities of Scirpus and of the debris covering the ground have 
been taken to the laboratory and examined with the greatest caiv, bn 
nothing more than a few fragments of dead beetles has ever been found 
Since much of the Scirpus grows in several inches or even a foot of wainr! 
it would seem that there is little possibility of the beetles’ falling fjojii 
the plants in the autumn, spending the winter wherever they fell, and is 
some way surviving the spring floods. 

One cannot help asking what becomes of the beetles that linger late in 
the fall and drop to the debris under the plants when dislodged. Are 
these beetles lost in the spring floods, and do only the beetles that migrated 
earlier in the fall survive the winter? Or do even these late beetles, 
seems to be indicated by a cage experiment, revive in the wamith of some 
later autumn days and migrate to suitable winter quarters? As yet the 
assumption that the beetles migrate at all is not proved ^ altho the eiitiiiii- 
stantial evidence makes it seem to be a safe assumption. Certain uib 
buprestid beetles hibernate as adults in the pupal cells, but none are i 
known to migrate to winter quarters (Burke, 1920; Knull, 1920 and 19: 

ECOLOGY 

Food plants 

The questions of geographic and local distribution arc bound up in 
food-plant relations, for no amount of searching has detected this to 
anywhere except on the flood-plain bulrush, Scirpus fiwiaiilh. So 
as is known, the distribution of Tapkrocerus gracilis is more limited tli 
that of Scirpus fiv/viatilis, which occurs thruout northeastern and cent 
United States. Even isolated patches of the bulrush have their popn 
tion of beetles in central New York and southern Minnesota, while m 
were found in Lake County, Minnesota. 

Blatchley (1910) states that Taphrocerus gracilis occurs on bultooM 
{Cephalantkus occidenialis)^ but careful searching in various parts of '' 
York has failed to discover it on this shrub. Since the beetles do 
times light on other plants than Scirpus fiuviatilis, it is possible that 
may be taken occasionally on buttonbush. 

Parasites ^ 

Egg parasites are the most abundant of all the parasites of 
A small braconid has been found to have parasitized as 
per cent of the eggs toward the close of the season. 
usually occur two in an egg, but occasionally one is fouml and 
not infrequent. The life history of this braconid has imt been 
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inod by Dr. A Girault as a new species (AcAysochaJ C) ' Othw 
rval p.ani.sites that were found have not yet been determined. ’ 

Behavior of the heeiles 

T^iperature seem, s to be a factor strongly influencing the behavior 
Taiihmcerus gracilis. Observations have shown that r,V, 

„ny day the beetles are actively feeding on theTaves of tL h T'f’ 
,d (hat they fly quickly when disturbed. oVa cold Z and / 
riy in the inoming the beetle.s are inactive and are found in thfcrevfces 
tiveen the bases of the leaves and the stalk of tko k i crevices 

Iract their legs and fall back into the crevices when dSed’ “ 

In the field experiments, the beetles u 

l™rhe.s, and if they did not respondTn sTmc w^a SorWen" 

.vcd near them. They would then either retrlct theh « ^ 

I. fly awajy or cling to the leaves. If thefcTung to 
r(‘ mechanically stimulated by touchine: with th? f leaves, they 
forced to contract and fall, or to fly awn v 

^'^obtained from a single ^ndividual^ If W f 

in to the leaf: when further sfimnlnfo^ if At Urst it would 

idaif to fall, and then it would begin^to^fir” Such* ?? /“PPendages 
I conmion at temperatures between 19» Ld 20° C tTw ^ '■esponse 

''lt'?fey tTri **?« 'baL' mghl TveTbegL^tt 

!'>( begin before they reached th'e water ^^ 1 ^ ‘‘"i!’ f®”’ Sight 

At lower temperatures the ‘ above-named tempera- 

> ''f llic leaves but whoTtt^v^ near the 

•""h flying at all “1 great distances 

efee Xilv Xn't f- 

ou different pla^s, is gi^ k ^1™® ® accidentally 


Reaction 

Temperature (degrees centigrade) 

^ that COQtpqpfi^J ~ 

I B€>ow 19® 

From 

19® to 20® 

From 

20“ to 30® 



89 

39 

' 40 

to leaves 

4 

54 

77 


18 

54 

22 
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In table 2 are contained the results of a series of experiments whit, 
began on June SO, 1917, before sunrise, while the temperaluro was bv 

TABLE 2. Reactions op S2 Beetles to Mechanical Stimulation 


(Tested in succession as indicated, with rising temperaturt) 


■■ 

Number of beetles that 

Temperature 

Number of beetles that 

traced 

Clung 


^vinperata. 

Clung 

1 


U,5"C. 

1 1 

\<i:r 

1 

1 


1 

1 i 

r 



1 


1 

1 


1 


1 



1 


1 



1 


1* 



1 


1 



1 i 

I 

I 



1 

1 

1* 



l ; 

1 

5 



1 1 

1 

1 

1 

1 


1.5.5" 

1 

1 

1 





1 



I 

1 20..r 

1 



1 i 

1 

1 

1 


i 1 

1 

1 

1 


! 1 


1 

1 


i 1 


It 

1 

18.5" 


1 ' ^1- 

1 



1 

1 

1 



1 


1 



1 

I 

1 1 



1 

1 


i 1 


1 

i 1 


1 1 


1 

1 1 

1 1 

1 


1 

I 

i 1 

1 1 


r'j“ 

19" 

; 

l 

I 


1 

1 ^ 


1 


1 



1 



i 


1 


1 



1 


1 



1 


i 

1 


1 

1 

i 



1 1 

( 

I 

1 

1 


1 

1 

1 



i 1 


i 

1 



j 

1 

1 




1 

1 



i 

1 




1 

1 




j 

1 





1 

1 



1 









neeiiB leJi inw waver. , x ^ 

t Direct light from the rising sun began to fall on the plants at this time. 
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1 continued until the sun was well up in the skv 
, to 24“ C. The time ^ not giL, fo^SeVeele trSd":^ 
y were oiind by searching about among the bulrushes 
i IS to be noted from table 2 that there was a crnHnai r .l 

ooiise until the beetles all responded by flying July? ]PI7 * 

• mi the bulrushes were being blown aCt and h, 'i- ® 

.day, .31 beetles respmnied 4 %inriO b^dibg^nd^’^bf r 
*„g. In this case, the proportion that eontrfctfd wls unu^X 
h, for the temperature varied from 27.5° C at 10 15 Tn, ono 
noon. Of the 19 beetles that retracted their annendairpX fi* 
te bves and had to be dislodged with the forceps whli theflll 
tiLS change of response, correlated with a rising tpmnp™i,,ll 

f nZoZZ 

nded by warm' water. At a temperature 0^30° 
ve, responded positively to light,'’and win Itullteo S 
g?or clung tenaeiously to anythin^ that I'.a to tfteir 

en cracked ice was substituted for the warm water 

br mngs as with the higher temperatX. 

CORHELATION OF STRUCTURE ANp HiBITS 

r:i“p"irphri:iiX^ ri-enbed 

.cities noth theh ieltZ f appendages 

"ve beetles, by masl n Xh temperature is low, and the 

-•f (be leaf al d?s?lbL I Ih f ”e at the 

’and fall into the ereviclbetw n Zelaf then- appon- 

a beetle will only serve tn fl V ^ u 
°of the plant and allow fK sheath away from the 

tl crevire slide 

’Shew [S 

' “'"Ks and escape, Iws f tfev' p^ '"u take to 

^ratmy. they wouldTn low 

abdominal omleo-c fall into the water. 

*'’’1 a-s a strucw^p'' ampullae, ^ of the larva mav be 

-'th its habits. Unlike its wld- 

• "f'o" appears aaTls ter Ptevibusly 

» be unaUp to move -tn interior, m which the larva 

of ‘be plZor end™f r‘ l^oomotion. 

^'Vhicli renrespTX' ^ *’>' drawings (Plates III 

the right side andl Uol the 

» « th, „a.„, 
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left side of the larva, the prolegs are situated between the ninth and t 
segments. The model represents the right side of the larva as so ^ 
tracted that the ventral longitudinal muscles of the left side are rel-i 
and the proleg of that side is near the midline. The oblique 
the ventral longitudinal muscles is such that when those on oiio 
contracted and those on the other side are relaxed, the end of the gU 
men is turned toward the contracted side and the proleg of that iJe* 
lateral to the midline while the prolog of the relaxed side approache, tli 
midline. 

There are three groups of muscles entering each proleg. As shown s 
Plate III, the anterior group, consisting of three muscles, oi-iginatf-s « 
the dorsal wall between the eighth and ninth segments and is inserted i 
the anterior part of the proleg. The posteriodateral group of twoniindft 
originates on the dorsal wall in the region between the ninth and tmi 
segments, and is inserted in the proleg posterior to the first group. Th 
posterio-median muscles are very small, and originate on the wall of ik 
rectum and pass to the proleg. 

The posteriodateral group of muscles evidently represents the dor* 
ventral muscles which occur normally between the segments, as mav 1# 
seen in the seventh and eighth segments in the model. The poirih 
median group of muscles, from the rectum, are, no doubt, the equivak 
of the muscles passing from the rect\im to the dorsal wall of the abdoiia 
and are enlarged slightly in connection with their function in the prolt 
The homology of the anterior group of muscles is much mon' difficiih 
determine. It probably is a modification of an oblique group of mii‘ci 
which are present in the terminal segments of the abdomen but which 
not represented in the other segments. 

The prothoracic appendages are also worthy of mention as jitniciiffi 
correlated with the habits of the larva. These structures, as has 
stated, assist in holding the pro thorax in place while the larva is Wus 
They are supplied with muscles, and are covered with a thin, spinoiislif 
of chitin. All evidence seems to point to the fact that they are ti 
structures somewhat analogous to the prolcgs in other larvae. 

SUMMARY 

This beetle is of special interest because, altho it belongs to the 
tidae, a famous family of wood-borers, it mines in the leaves of a biilni 
Scirpus Jluviatilis. 

The larval life is only about three or four weeks in duration. / 
pupal stage lasts ten days, and the adults spend the remainder 
season feeding on the foliage of the food plant, Sdrpu^ jlumtM ■ 
method of hibernation is not known, but it seems probable that the 
beetles migrate to the upland to pass the winter, since none 
found in their usual haunts between late fall and early spring- , 

The beetles are restricted to one food plant, Scirpus 
found only on that plant except when they have accidentally ‘M 
other plants, which they leave immediately. . . 

During the first instar the larva is structurally much 
wood-boring Buprestidae, but in the subsequent instars it j 
other leaf-mining larvae. It has a pair of appendages develops 
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„,, 0 MX Ivhirfi assist it while feeding, and a pair of ambulatory amnulko 

St'k lirieTf atoui wHWn 

fh,;. adult beetles are greatly influenced by temperature, and this behav 
complex seems to be very important. In high temDerature InH .t 
a. ,lK,v are very activo and take to their wfngfo“S? the ave^ 
cn disturbed; but m low temperature, they are inactive - 

.odagcs, and drop into the ereyiees’at tL "^0 fc’ We^ten 
turkHl, This seems to be a protective measure, for the b“ would 
iiumv oases fall into the^ water if they retracted their appradaU and 
.plicd from the plant while actively feeding on warm d^ys The fact 
t llicy am near the base of the leaves on cold days secml to be due to 
,r negative response to light m low temperature, 4ile their ocmrrmice 
tlie lohage on warm days seems to be due to their nom'fivp 
lifihr in high temperature. positive response 
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